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PRErAOB  TO  THE  FIRST  EDITION. 


This  yolnme  oontams  the  first  part  of  an  attempt  to  ^ve  an 
acoonnt  of  diseases  of  the  nervons  system^  sufficiently  concise 
to  be  within  the  compass  of  the  time-pressed  student  or  busy 
practitioner^  and  yet  adequate  in  its  outline  of  a  subject  which 
has  become  wide  and  deep  beyond  any  other  part  of  medicine. 
Success  in  both  aims  can  scarcely  be  more  than  approximate. 

Most  of  the  illustrations  are  printed  from  blocks  prepared 
from  original  drawings  by  phototype  processes^  and  I  am  in- 
debted to  Messrs.  A.  and  W.  Dawson,  of  the  Typographic 
Etching  Company  (by  whom  most  of  the  work  has  been  done) 
for  the  care  they  haye  taken  in  the  reproduction. 

The  casual  reader  may  perhaps  miss  subsidiary  letters  in  the 
illustrations  of  the  lesions  of  the  spinal  cord.  The  omission  of 
these  is  intentional.  A  knowledge  of  the  structural  topography 
of  the.oord  is  the  first  requisite  in  the  study  of  its  morbid 
anatomy,  and  when  this  knowledge  is  gained,  the  figures  will 
be  understood  without  difficulty.  Familiarity  with  unlettered 
illustrations  facilitates  the  comprehension  of  sections  of  the 
spinal  oord« 


QuiBK  Avn  Stbut,  LoviMNi 


PREFACE  TO  THE  THIRD  EDITION. 


In  the  present  edition  every  chapter  has  been  subjected  to 
careful  revision,  and  numerous  additions  have  been  made  em- 
bodying the  results  of  personal  experience  and  the  more 
important  facts  ascertained  by  others. 

We  are  indebted  to  Dr.  Bertram  Abrahams  for  assistance  in 
the  revision  of  the  section  on  the  Anatomy  and  Functions  of 
the  Spinal  Cord,  and  to  Dr.  F.  E.  Batten  for  the  appendix  on 
the  Muscle-spindles. 

W,  R.  GOWBRS. 
JAMES  TAYLOR. 


Janmary,  1888. 
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DISEASES  OF  THE  NERVOUS  SYSTEM. 


INTRODUCTION. 

A  oziABsivzoATZOir  of  Diseases  of  the  KerrotiB  S]rstem,  at  onoe 
ifiiftntifio^  exact,  and  conyenient  for  sjstematic  description,  is  not  at 
present  possibla  If  we  attempt  to  classify  the  diseases  according  to 
either  seat  or  nature,  we  are  met  at  onoe  bj  difficulties  which  prevent 
anj  complete  arrangement.  These  difficulties  arise  from  the  fact  that 
many  diseases  affect  more  than  one  part  of  the  nervous  system,  that 
the  precise  seat  of  other  maladies  is  unknown,  and  that  we  are  still 
ignorant  of  the  nature  of  a  considerable  number  of  diseases.  A  rough 
division  is  often  made  into  two  broad  classes  of  "organic"  and 
"functional''  disease.  The  first  class,  that  of  "organic  diseases," 
oomprehencte  those  in  which  there  is  always  a  visible  lesion,  manifesting 
sometimes  the  morbid  process  which  constitutes  the  disease,  sometimes 
only  the  ultimate  result  of  that  process.  The  second  class,  that 
of  "fonotional  diseases,"  is  less  definite^  comprehending  (1)  those 
diseases  that  consist  only  in  a  disturbance  of  function,  and  are  there- 
fore properly  so  designated;  and  (2)  many  diseases  which  hare  this  in 
common  -wiik  true  functional  disease,  that  they  are  transient  and  not 
permanent,  and  that  they  are  not  known  to  depend  on  organic  changes. 
But  there  is  also  a  large  dass  of  diseases  in  which  no  constant  lesion 
has  been  discovered,  but  which  are  not  transient,  and  cannot  well  be 
placed  in  either  of  these  classes.  This  simple  classification  is  therefore 
inadequate.  It  may  be  well  to  consider  in  what  respect  it  needs 
alteration  to  meet  the  requirements  of  our  present  knowledge. 

The  term  "organic  disease,"  as  conmionly  used,  means  visible 
disease.  But  visibility  is  relative ;  it  depends  on  the  means  of  vision. 
The  application  of  the  microscope  to  pathology  immediately  increased 
the  range  of  organic  disease,  and  a  similar  increase  has  resulted,  in  our 
own  day,  from  the  use  of  staining  agents,  which  render  visible  many 
ehanges  that  could  not  before  be  seen.  Still  it  remains  true  that  the 
degree  of  alteration  determines  visibility.  Uolecular  changes  in 
nutrition,  oonsidered  as  such,  must  be  oobssal  to  be  detected.    Such 
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alterations,  not  sufficient  to  be  seen,  bnt  stUl  considerable,  probably 
constitute  the  morbid  process  in  manj  diseases  that  are  commonly 
classed  as  "  functional/'  Hence  we  may  distinguish  a  class  of  "  nutri- 
tional diseases  *'  as  to  a  large  extent  distinct  from  those  that  consist 
m  a  mere  derangement  of  function*  While  distinguishing  these  two 
classes,  we  cannot  entirely  separate  them ;  nutrition  and  function  are 
mutually  dependent,  and  prolonged  functional  disturbance  must  deter- 
mine nutritional  change. 

Visible  disease  varies  much  in  nature  and  degree.  Some  forms  can 
always  be  seen  with  the  unassisted  eye;  they  change  the  shape  or 
colour  or  consistence  of  the  part.  Other  forms  can  be  detected  only 
with  the  aid  of  the  microscope ;  while  many  may  be  seen  with  the 
unassisted  eye  when  their  degree  is  considerable,  and  only  by  means 
of  the  microscope  in  their  early  stage  or  when  in  slight  degree.  It  is 
convenient  to  term  such  alterations,  the  visibility  of  which  is  alto- 
gether a  matter  of  degree,  "  structural  diseases."  Thus  we  may  dis- 
tinguish four  pathological  classes  of  disease  of  the  nervous  system ; 

1.  Organic  disease  (or  **  coarse "  organic  disease) ;  such  as  tumour, 
heemorrhage,  softening. 

2.  Structural  disease;  such  as  most  forms  of  sclerosis. 

8.  NtUritional  disease;  such  as  general  paralysis  of  the  insane, 
paralysis  agitans. 

4.  Functional  disease ;  such  as  reflex  convulsions,  and  many  forms 
of  hysteria. 

In  the  first  class  the  morbid  process  always  begins  outside  the 
nerve-elements  themselves.  In  the  second  class  it  may  begin  in  them 
or  outside  them.  In  the  third  and  fourth  classes  these  elements  are 
probably  always  primarily  affected. 

Such  a  classification  helps  us  to  obtain  clearer  views  of  the  primary 
relations  of  disease,  but  is  not  convenient  for  systematic  desoiption. 
For  this  a  hybrid  system  is  necessary,  in  which  organic  and  structural 
diseases  are  classified  according  to  their  seat, — ^in  the  nerves,  spinal 
cord,  or  brain.  With  each  group  maj^  be  placed  some  nutritional  or 
functional  maladies  of  local  incidence.  The  bulk  of  these  diseases  are, 
however,  best  considered  separately,  after  the  organic  diseases  have 
been  described,  since  many  of  them  are  of  wide  distribution  or 
-uncertain  seat. 

Classification  has  two  purposes  to  serve.  It  serves  to  bring  out  the 
differences  in  the  nature  of  disease,  and  thus  to  define  ourconceptioHs 
and  make  dear  our  distinctions.  But  this  purpose  is  less  obtrusive 
than  the  second, — ^to  furnish  us,  as  it  were,  with  shelves  on  which  t6 
place  our  conceptions,  and  labels  with  which  to  ticket  them,  so  that 
we  may  find  them  when  we  need  them  and  study  them  in  a  usefid 
order  with  the  least  loss  of  time. 

Even  if  our  knowledge  were  perfect,  it  is  not  likely  that  any  scientifio 
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classification  foiindad  on  natural  distinctions  would  serve  the  prde- 
tical  needs  of  an  arrangenient  for  u$e»  Our  present  knowledge  is  iin-» 
questionablj  so  Tery  far  from  perfect  as  to  be  inadequate  even  for  a 
oomplete  natural  classification ;  while  an  attempt  to  construct  one  of 
this  character  that  shall  be  abo  of  practical  conrenienoe  is  a  mere 
waste  of  tima  For  use,  we  must  divide  where  we  ought  onlj  to 
distinguish ;  and  we  have  to  place  near  together,  for  oonvenience*  salra^ 
maladies  that  should  be  not  onljfar  from  each  other,  but  sometimes  far 
from  all  others. 

Yet  it  is  useful  to  attempt,  if  not  to  classify,  at  least  to  distinguish  tlu 
chief  pathological  groups  of  the  morbid  processes  that  are  commoni} 
regarded  as  diseases  of  the  "  nervous  system/'  and  are  so  designated 
Unserviceable  as  a  practical  division,  the  attempt  affords  a  general  vi0f^ 
of  the  nature  of  the  maladies,  including  the  various  influences  to  whiott 
they  are  due^  and  therefore  by  which  their  nature  is  determined.  The 
view  that  is  obtained  is  not  less  useful  because  the  groups  that  are,  in 
the  mass,  well  defined,  are  peroeiyed  to  have  connecting  Unks  when 
their  borders  are  scrutinised,  or  are  eren  found  here  and  there  to  Uend 
in  places  where  a  demarcation  can  only  be  artifidsL  We  perceive  thus 
that  elements  are  common  to  more  than  one,  and  such  elements  may  be 
thus  more  clearly  discerned,  and  their  importance  is  more  dosrly  re- 
vealed. 

The  first  great  distinction,  which  is  indeed  a  cleavage  running 
through  all  the  varieties  distinguished  for  practical  oonyenience,  is 
that  of  primaryseat.  Some  diseases  begin  in  the  nerve-elements,  others 
outside  them,  in  other  structures.  These  structures  have  widely 
different  pathological  relations.  The  bones  which  protect,  the  fibrous 
tissues  that  invest  and  support,  the  vessels  which  convey  the  blood 
to  or  from  the  nerve-structures,  bring  the  diseases  of  these  structures 
into  connection  with  most  chronic  and  acute  constitutional  diseases ; 
the  blood  itself,  altered  by  numerous  and  widely  difterent  affections, 
frequently  produces  disturbance  of  function  or  of  structure,  and 
multiplies  the  relations  of  disease  of  the  nervous  system  to  an 
extent  that  is  to  us  indefinite,  and  potentially  is  all  but  infinite. 
Not  only  does  the  blood  cause  disease  by  the  direct  influence  of  its 
changed  constitution  or  the  morbid  agents  it  bears,  but  the  physical 
conditions  of.  the  circulation,  by  excess  or  deficienc^^  of  force,  and  the 
passage  in  it  of  bodies  that  can  obstruct  the  arteries,  involve  a  direct 
relation  to  morbid  states  of  the  heart,  which  is  frequentiy  obtrusive. 

The  affections  which  constitute  connecting  links  between  the  two 
general  classes  of  disease,  those  in  which' the  nerve-structuies  suffer 
primarily  and  suffer  secondarily,  deserve  a  general  notice.  Some  of 
them  present  to  view  certain  pathological  features  which  are  of  great 
importance,  and  which  we  have  only  lately  become  able  to  perceive  dis- 
tinctly if  not  yet  clearly. 
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Hie  TarioiM  morbid  growths  are  also,  for  the  most  part, 
only  in*  not  of,  the  nervous  system,  although  one  variety  of  neoplasm 
affords  another  illustration  of  the  connection  between  the  two  classes; 
gliomata  connect  extrinsic  growths  with  diseases  thai  are  primarily  of 
the  nerve^structure.  The  supporting  neuroglia*  different  from  the 
nerre-struotures  as  it  seems,  and  indeed  is,  consists  of  a  residue  of  the 
embryonal  tissue  from  which  the  nervous  elements  were  developed.  In 
its  nutritional  tendencies  it  presents  a  relation  to  the  nerve-structures 
which,  though  definite,  is  opposite ;  it  overgrows  when  the  latter  decay, 
and  thus  gives  rise  to  the  condition  of  secondary  ''sclerosis."  Its 
growth  seems  normally  to  be  restrained  by  the  vitality  of  the  higher 
tissue,  and  becomes  exuberant  as  soon  as  that  of  the  latter  is  lessened. 
It  may  persist  in  tracts,  large  or  small,  when  there  is  a  congenital 
arrest  of  development,  such  as  gives  rise  to  the  cavities  called  "  syringo- 
myelia;" this  persistence  is  especially  important  because  the  tissue 
may  cease  to  be  quiets  may  grow  and  develop  into  the  definite  and 
dangerous  condition  known  as  "  central  gliomatosis."  But  the  neuroglia, 
as  the  **  connective  tissue  "  of  the  central  structures,  shares  the  lower 
morbid  tendency  of  the  interstitial  tissue  of  all  organs.  It  is  by  an 
overgrowth  of  this,  in  random  foci,  presenting  at  first  some  of  the 
features  of  inflammation,  that  "  insular  sclerosis  "  develops,  while  the 
neur<^lia  also  takes  a  chief  part  in  all  forms  of  interstitial  inflammation 
in  the  brain,  cord,  and  nerves.  Its  secondary  overgrowth  in  degenera- 
tion of  the  nerve-structures  varies  in  amount  and  in  energy ;  even 
when  secondary,  it  seems  occasionally  to  assume  an  independence  which 
makes  it  excessive,  and  an  energy  which  involves  some  of  the  features 
of  inflammation. 

We  have  to  distinguish  from  the  primsry  interstitial  changes,  those 
acute  processes  in  which  the  nerve-structures  suffer  primarily,  but  with 
rapidity.  When  they  undergo  slow  decay  we  call  it  "  degeneration," 
bat  an  acute  destructive  change  may  take  place  so  rapidly  as  to  resemble 
"parenchymatous  inflammation" — i.  e.  inflammation  in  which  the 
primary  cdement  is  in  the  proper  functional  structures  of  an  organ. 
Such  changes  belong  to  the  group  of  diseases  that  are  truly  of  the 
nervous  system,  but  are  not  always  readily  distinguished  from  the  inter- 
stitial inLjjnmations,  since  the  interstitial  tissue  and  vessels  may  parti- 
cipate in  the  more  intense  processes.  Their  course  presents  all 
gradations,  from  the  most  acute  to  chronic  forms,  but  even  in  the 
former  it  is  often  remarkable  how  small  is  the  share  the  connective- 
tissue  elements  take.  These  processes  have  become,  of  late,  very  im- 
portant, on  account  of  the  extent  and  degree  to  which  they  can  be 
traced  to  toric  influences.  They  constitute,  in  slow  form,  the  systemic 
degenerations  of  the  central  nervous  system,  and  also,  in  both  slow  and 
rapid  forms,  the  varieties  of  toxic  peripheral  "  neuritis."  The  forfner, 
as  well  as  the  latter,  have  been  extensively  traced  to  the  influence  of 
blood-states.  But  as  chronic  "  degeneration,"  they  are  also  often  due 
to  defective  vitality,  or  imperfect  vital  endurance,  senile  or  prematursb 
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oecorring  in  late  lifa  before  other  structureB  decay*  er  as  isolated 
failure  soon  after  derelopiiiezit  18  complete.  The  latter  class  ia  represented 
bj  the  diseases  of  which  "hereditary  ataxy  "  is  a  type. 

The  toxic  influences  which  are  thus  effective  seem,  so  far  as  we  can 
trace  their  nature,  to  be  chemicaL  They  may  be  metallic  poisons-^or 
the  simpler  chemical  substances  of  organic  origin,  as  alcohol— or  com- 
I)lex  organic  Gompoimds»  either  leoeiTed  from  without  or»  more  often, 
formed  within  the  body.  They  are  often  formed  within  the  body  by 
the  organisms  that  give  rise  to  "  acute  specific  diseases/'  as  has  been 
clearly  proved  in  the  case  of  diphtheria;  to  the  same  mechanism 
many  nervous  sequela  of  acute  diseases  are  apparently  due.  These 
poisons,  especially  those  of  organic  origin,  present  the  remarkable 
feature  of  a  special  tendency  to  influence  certain  nerve-structures,  that 
we  are  only  able  to  distinguish  from  others  by  their  difference  of 
function ;  underlying  this  must  be  some  minute  difference  of  ponsti- 
tution  which  renders  them  more  susceptible  to  the  particular  chemical 
compounds.  These  structures  suffer  most  where  their  vitality  is  least,— 
for  instance,  the  ends  of  the  nerve-fibres, — the  parts  farthest  from  the 
nerve-cell  of  which  they  are  the  processes.  Thus  many  toxic  agents  act 
on  the  extremities  of  llie  long  sensory  or  motor  nerves  in  the  limbs, 
causing  "  degenerative  peripheral  neuritis,"  while  a  similar  degeneration 
of  the  fibres  of  the  pyramidal  tracts  of  the  spinal  cord  (the  processes 
of  the  motor  cells  of  the  cortex)  constitutes  "  lateral  sclerosis."  The 
motor  fibres  of  the  limbs  are  processes  of  the  cells  of  the  anterior  grey 
matter  of  the  cord ;  the  sensory  fibres  proceed  from  the  ceUs  of  the 
ganglia  in  the  posterior  nerve-roots.  Of  the  latter,  those  which  seem 
most  prone  to  suffer  are  the  afferent  fibres  from  the  muscles.  In  loco- 
motor ataxy  these  nerves  suffer  first,  apparently  from  a  toxic  agent 
which  is  a  result  of  syphilis,  and  acts  also  on  the  other  processes  of 
these  ganglion-cells  —those  which  become  the  fibres  of  the  posterior 
median  columns.  These  ascend  the  cord,  but  depend  for  their  vitality 
on  the  cells  of  the  posterior  ganglia,  llius  the  degeneration  in  the 
spinal  cord,  the  "  posterior  sclerosis,"  and  the  changes  in  the  peripheral 
nerves,  are  but  parts  of  the  toxic  effect  on  one  set  of  "neurons." 
The  afferent  nerves  &om  both  skin  and  muscle  suffer,  moreover, 
from  many  other,  toxic  causes,  and,  alike  in  alcoholic  neuritis  and  in 
diphtheritic  palsy,  we  may  have  a  dose  resemblance  to  locomotor  ataxy. 
A  corresponding  lesion  imderlies  the  correspondence  of  symptoms, 
llie  special  susceptibility  of  the  muscle  nerves  is  the  cause  of  the 
frequency,  and  early  date,  of  the  loss  of  the  knee-jerk,  and  of  the 
significance  of  the  symptom.  ' 

Other  toxic  agents  influence,  not  the  peripheral  ends  of  the  chief 
processea  of  the  oeUs,  but  the  structures  in  which  nerve-energy  is 
produced  in  the  central  mechanism.  Such,  for  instance,  is  stryclmine, 
and  the  strychnine-like  products  of  the  organism  of  tetanus;  while 
one  element  in  the  production  of  the  curious  disturbance  of  chorea 
ssems  to  be  the  action  on  the  elements  of  the  motor  cortex  of  soma 
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poison  allied  fo,  but  not  identical  with,  that  whioh  eansee  aoote 
rheumatisni,  and  is  probably  a  complex  organic  chemical  oomponnd. 

Selatiye  deficiency  in  the  power  of  resisting  toxic  agents  must  be 
ascribed  to  imperfect  vital  energy,  a  lower  degree  of  the  energy  of  life 
that  maintains  nutrition.  Such  imperfection  is  manifested  by  a  class 
of  cases  in  which  failure  of  nutrition  occurs  spontaneously  in  certain 
structures,  either  in  late  life,  as  in  many  cases  of  senile  muscular 
atrophy,  or  labio-glossal  paralysis,  or  senile  brain  failure,  or  paralysis 
agitans, — or  dse  soon  after  complete  development  is  achieved,  as  in 
the  so-called  ''hereditary  ata^"  and  its  congeners.  Moreover  it 
is  possible  that  a  slight  difference  in  the  power  of  vital  endurance  in 
some  structures,  causes  a  greater  readiness  to  suffior  degenerative 
changes  in  middle  life  under  acquired  influences. 

The  toxic  agents  which  can  thus  act  on  the  nerve-structures  and 
impair  their  nutrition  and  function  are  numerous  and  varied.  They 
may  be  derived  directly  from  without,  may  be  produced  within  the 
body  by  the  organisms  of  disease,  and  may  be  produced  by  disordered 
chemical  processes  apart  from  external  influence,  or  by  an  external 
influence  that  becomes  effective  through  a  peculiar  predisposition.  They 
present  relations  to  those  rheumatic  poisons  which  act  on  the  fibrous 
tissues  and  on  other  structures.  Exposure  to  cold,  apparentiy  the  samOb 
may  cause  in  different  persons — a  general  catarrh,  local  inflammation 
(as  tonsillitis),  acute  rheumatism  (with  or  without  endocarditis),  spinal 
myelitis,  or  peripheral  neuritis,  apparentiy  according  to  the  nature  of 
the  toxic  agent  generated,  determined  by  the  constitution  of  the  indi- 
vidual A  slight  difference  in  the  initial  effect  may  detennine  a 
divez*gence  in  the  chemical  processes  under  the  influence  of  life,  and 
the  ultimate  result  is  the  same  in  no  two  individuals,  and  may  be  very 
different* 
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SYMPTOMS  AND  TSSIE  UrTSSTIQATIOK, 

Ths  neiTOTiB  sjstem  is  almost  entirelj  inacoessible  to  direct  o1)8er- 
▼ation.  The  exceptions  to  this  are  trifling:  the  termination  of  one 
nerve,  the  optio,  can  be  seen ;  some  of  the  nerve-trunks  in  the  limbs 
can  be  felt,  either  in  the  normal  state  or  when  enlarged  bj  disease.* 
As  a  rule,  the  state  of  the  nerrous  system  can  be  ascertained  only  by 
the  manner  in  which  its  work  is  done,  and  morbid  states  reveal  their 
presence  by  the  derangement  of  function  which  they  cause. 

The  functions  of  the  nervous  system  are  often  divided  into  mental, 
motor,  and  sensory ;  but  they  are  isa  more  extensive  than  those  words 
denote.  The  functions  of  aU  the  organs  of  the  body,  all  states  of  the 
blood-vessels  and  hence  of  the  circulation  within  them,  and  even  all 
processes  of  nutrition,  are  under  the  control  of  the  nervous  system. 
The  disturbance  of  nerve-function  produced  by  disease  is  conterminous 
in  extent  with  the  human  organism.  Our  knowledge  of  these  symptoms 
is  constantly  increasing  in  range  and  in  degree.  They  differ,  however, 
very  much  in  relative  importance.  Some  occur  more  frequently  than 
others,  and  are  more  direct  in  significance.  Many  have  a  special 
relation  to  certain  parts  of  the  nervous  system,  while  others  occur  in 
diseases  of  all  parts.  It  may  be  well,  at  the  outset,  to  describe  the 
characters  of  some  of  the  most  frequent  symptoms ;  while  the  more 
special  symptoms  can  be  convenienUy  considered  when  we  deal  *with 
diseases  of  that  part. 

HoTOB  STHFTOHS.f — ^Disturbance  of  motion  is  one  of  the  most 

*  To  the  new  X  rays,  anfortnnately,  the  nerve-centres  are  opnqne  and  in:icce^- 
sible,  and  the  nerves  differ  too  little  in  transpHrency  from  the  other  tissues  to 
permit  them  to  be  seen,  while  their  coarse  is  seldom  such  as  to  bring  them  into 
eonspieoons  distinction  from  other  structures. 

t  Some  modification  of  the  word  kinesis  (alcinesis,  &c.)  Is  sometimes  used  to 
designate  motor  symptoms.  These  words  seem  to  me  to  add  nothing  to  our  know- 
ledge or  to  its  clearness — certainly  nothing  to  compensate  for  their  catnber»ome 
eharaeter;  and  the  definite  adilition  all  new  word^  make  to  tlie  information  tluit  lias 
to  be  aoqaired  Is  not  always  sufilcieutly  weighed  against  their  supposed  advantiige. 
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common  effects  of  disease.  Movement  is  produced  bj  muscles,  bat 
the  muscles  aie  excited  to  contraction  bj  the  neirous  system.  Most 
alterations  of  motility,  both  defect  and  excess,  are  due  to  its  derange- 
ment. The  conditions  are  very  few  in  which  motor  changes  originate 
in  the  muscles  themselyee.  Defect  of  movement  is  of  muscular  origin 
only  in  some  cases  of  primary  alteration  in  the  nutrition  of  the 
muscles.  When  there  is  a  general  impairment  of  nutrition,  the 
muscles  participate  in  this ;  they  are  ill-nourished,  and  therefore  feeble. 
Such  a  condition  is  met  with  in  chronic  wasting  diseases,  in  ansemia, 
and  as  an  acute  affection  in  all  acute  febrile  diseases.  This  is  the 
chief  cause  of  the  muscular  weakness  that  so  often  results  from  fererB) 
it  may  even  proceed  to  the  degree  of  causing  visible  changes  in  the 
aspect  of  some  fibres. 

In  a  few  chronic  diseases  the  muscles  undergo  a  primary  altera- 
tion. One  is  the  disease  known  as  "  pseudo-hypertrophic  paralysis,** 
a  special  form  of  a  wider  malady,  in  which  there  is  atrophy  of  the 
muscles,  due  to  their  own  defective  power  of  vital  maintenance.  Rheu- 
matic and  other  inflammations,  commonly  interstitial,  may  greatly 
impair  their  power,  first  by  the  pain  contraction  causes,  and  then  by 
damage  to  the  nerves  in  this  tissue,  a  state  to  be  distinguished  from 
the  primaty  affection  of  these  endings  themselves.  In  ahnost  all  other 
conditions,  loss  of  power  in  the  muscles  is  dependent  on  the  state  of 
the  nervous  system,  either  directly  or  through  defective  nutrition  of 
the  muscles,  or  both.  The  nutrition  of  the  muscular  fibres  depends  on 
the  motor  nerves,  although  we  are  still  ignorant  of  the  precise  nature 
of  that  dependence.  The  subject  will  be  referred  to  again  in  the 
special  account  of  the  changes  tliat  result  from  injuries  to  the  nerves. 

So  also  with  increased  and  involuntary  muscular  action.  We  know 
little  of  what  has  been  termed  "  idio-muscular  contraction," — ^that 
is,  contraction  originating  in  the  muscle  itself.  Whenever  the  whole 
of  a  muscle  contracts,  the  contraction  is  due  to  an  influence  acting 
on  all  the  fibres,  and  this  is  generally  from  the  nerve-centres.  Even 
muscular  "tone"  is  dependent  on  the  connection  of  the  muscle 
with  the  nerve-centre,  since  it  ceases  when  the  connection  is  de- 
stroyed. It  is  possible  that  the  extreme  d^p!ee  of  the  contraction  in 
cramp  is  the  effect  of  a  tendency  in  the  muscle  itself.  When  the 
shortening  exceeds  a  certain  degree  it  becomes  fixed  in  a  peculiar 
manner,  which  seems  as  if  it  were  due  to  a  tendency  in  the  fibres  to 
pass  beyond  the  power  of  relaxation.  Contraction  of  the  whole  of  a 
musde  may  also  result  from  mechanical  influences  acting  on  every 
part  equally,  as  in  traction.  But  these  exceptions  occur  under  special 
conditions. 

The  partial  contractions  that  are  termed  "  fibrillary  "  are  probably 
local,  since  they  are  so  readily  produced  by  mechanical  stimulation, 
such  as  a  tap  on  the  muscle.  Yet  fibrillary  contractions,  although 
sometimes  local,  may  be  often  of  central  origin.  This  is  also  true  of 
the  flickering  contractions  that  are  so  common  in  persons  whose 
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nerToas  wjntem  10  enfeebled,  the  "liTe  flesh''  of  popiilar  Isngaage. 
Xhey  may  occur  in  anj  muscle,  from  the  orbicularis  palpebrarum  (in 
which  thej  are  most  common)  to  the  gluteus  mazimus.  After  damage 
to  the  nerve^fibres  to  the  muscle  thej  occur  in  special  degree;  thej  are 
often  frequent  for  yean  in  the  calf  muscles  after  sciatic  neuritis. 

ParahftiB, — ^Defect  of  moYement  may  present  every  degree  from 
slight  weakness  to  absolute  loss.  There  may  be  inability  even  to  make 
the  muscle  contract,  ex  the  voluntary  contraction  may  occur,  but  be  too 
feeble  to  move  the  parts  to  which  tiie  muscle  is  attached.  The  latter 
difference  is  to  some  extent  relative,  since  it  varies  with  the  readiness  with 
which  the  part  can  be  moved — i,  e.  with  the  resistance  to  be  overcome. 
Acontraction  that  will  flex  afinger  may  be  insufficient  to  flex  the  wrist. 
The  difference  may  vary  in  the  same  part  according  to  position.  A 
degree  of  power  in  the  flexors  of  the  hip,  that  will  move  the  leg  when 
the  patient  is  lying  on  his  side,  may  be  insufficient  to  do  so  when  the 
patient  is  lying  on  the  back.  This  difference  is  even  more  conspicuous 
in  some  other  muscles ;  paralysis  of  the  extensors  of  the  elbow  may  be 
discovered  only  on  an  attempt  to  raise  the  hat:  in  many  positions 
extension  is  due  to  the  weight  of  the  arm,  much  more  than  to  the 
muscles,  so  that  considerable  weakness  may  be  unobserved. 

The  term  "  paralysis  "  has  long  been  applied  to  all  degrees  of  defect 
of  power,  a  distinction  being  made  between  complete  and  incomplete 
paralysis.  Partial  loss  of  power  is  also  sometimes  termed  "  paresis." 
The  advantages  of  "  paresis  "  over  the  word  "  weakness  "  are  chiefly 
psychical,  and  depend  on  the  popular  horror  of  **  paralysis/'  which  has 
become  specially  associated  with  complete  loss  of  power,  and  the  idea 
of  incurability  seems  inseparably  attached  to  the  term. 

Our  means  of  estimating  d^ects^of  muscular  contraction  are  very 
imperfect,  in  consequence  of  the  peculiar  and  various  f ormi*  of  move- 
ment which  are  produced.  An  instrument  to  measure  the  f  0^"^  exerted 
is  called  a  "  dynamometer,"  but  any  simple  form  of  instrMment  can 
have  only  limited  application.  Several  have  been  devised,  bnt  that  in 
general  use  consists  of  an  oval  steel  ring,  which  can  be  narrowed  either 
by  compression  applied  to  its  smaller  diameter  or  by  tracticm  applied 
to  its  longer  diameter.  The  change  in  the  shape  of  the  dyns^mometer, 
and  therefore  the  force  exerted,  is  shown  by  the  movemexit  of  an 
index  on  a  scale  that  has  a  double  graduation,  a  closer  for  com- 
pression, which  is  easy,  and  a  wider  for  traction  lengthways,  which 
is  difficult.  This  form  of  dynamometer  is  known  as  "Charriere's," 
from  the  name  of  its  flrst  maker.  Another  less  convenicAt  form 
was  devised  by  Duchenne.  These  instruments  are  chiefly  vsed  for 
the  measurement  of  the  grasp.  The  estimation  of  the  streci^h  of 
other  movements  is  practicable,  but  not  easy.  The  observer  opposes 
the  movement  by  means  of  the  instrument,  and  notes  the  resistance 
that  can  be  overcome.  Thus  pressure  applied  through  it  just  frbove 
the  patella,  to  force  down  the  raised  thigh  in  the  sitting  posture,  shows 
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the  power  of  the  flexors  of  the  hip.  The  wide  TariationB  in  strength 
among  different  persons  renders  absolute  estimation  possible  onlj  when 
the  defect  is  considerable.  Slight  changes  are  recognised  bj  comparing 
the  power  on  the  two  sides.  It  should  be  remembered  that  the  limbs 
on  the  right  side  are  normaUj  stronger  than  those  on  the  lef  t^  the  rela- 
tion being  about  as  five  to  four.  Care  must  be  taken  to  secure 
uniformity  of  the  conditions  under  which  the  observations  are  made. 
A  careful  search  would  doubtless  reveal  average  proportions  between 
other  movements  that  can  be  measured.  Thus  the  strength  of  flexion 
of  the  hip,  estimated  in  the  waj  just  mentioned,  often  corresponds  to 
the  strength  of  grasp  on  the  same  side. 

IncO'Ordination  of  Movement, — By  this  term  is  meant  a  defect  in  the 
relative  time  and  degree  of  the  muscular  contractions  bj  which  a  move- 
ment is  produced.  Every  movement  is  due  to  the  contraction  of  a 
series  of  fibres,  which  may  or  may  not  correspond  to  the  series  massed 
together  in  a  "  muscle."  Movements,  not  muscles,  are  represented  in 
the  structure  of  the  brain,  and  the  fibres  which,  together,  cause  a  simple 
movement  may  be  in  more  than  one  muscle,  or  may  be  only  part  of  a 
muscle.  The  aynergie  action  of  the  several  fibres,  in  a  definite  degree 
and  at  a  certain  time,  is  essential  for  the  movement.  So  also  is  the 
simultaneous  contraction  of  the  opponents  of  these  acting  muscles, 
which  are  thus  steadied ;  this  antergic  *  contraction  is  essential  for  the 
exertion  of  force,  and  must  be  often  great  in  degree  when  strength 
rather  than  amount  of  movement  is  required.  It  must  also  be  lessened 
automatically  to  permit  movement.  (The  process  will  be  considered 
in  connection  with  the  functions  of  the  spinal  cord.)  Defect  in  the 
opponents  does  not  interfere  with  movement,  but  it  prevents  the  exertion 
of  force,  by  permitting  the  movements  to  be  too  great. 

It  is  not  customary  to  apply 'the  term  "  inco-ordination "  to  any 
derangement  of  movement  except  that  which  is  irregular  in  time. 
There  may  be  also  irregularity  in  degree,  but  it  is  when  the  contractions 
have  not  the  normal  duration,  or  are  not  synchronous,  or  not  in  due 
sequence,  that  the  conspicuous  irregularity  occurs  to  which  the  term  is 
applied.    This  .is  also  often  called  "  ataxy." 

Its  manifestations  differ  in  character  according  to  the  character  of 
the  movement.  The  variations  are  so  great  that  it  is  not  practicable  to 
describe  them,  nor  is  it  necessary,  since  all  have  the  general  nature  just 
stated.  It  is  also  not  easy  to  estimate  the  inco-ordination  so  as  to 
permit  definite  record.  When  the  movement  of  the  arm  is  affected,  the 
degree  may  be  estimated  by  TnAlring  the  patient  try  suddenly  to  touch, 
with  the  point  of  a  pencil,  a  spot  on  a  sheet  of  paper  placed  before 
him,  his  eyes  being  closed  at  the  moment  of  the  attempt.  After  a 
certain  number  of  attempts  the  average  distance  from  the  spot  of  the 
dots  he  has  made  is  ascertained,  and  this,  compared  with  the  result 

•  I  use  this  term  because  we  have  none  to  express  antagonistic  co-operution.  Thii 
•«  s^nclironoug  with  that  of  the  acting  muscle,  but  not  nynergic. 
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giren  bj  a  normal  indiyidiial,  affords  a  numerical  indication  of  the 
degree  of  inco-ordination.*  The  method  is  efEeotiye,  although  the 
result  is  perhaps  scaroelj  worth  the  trouble. 

Whenever  there  is  inco-ordination,  spontaneous  movements  occur  if 
the  patient  tries  to  hold  the  limb  in  a  certain  posture ;  the  variation  in 
muscular  contraction  prevents  fixation  as  well  as  disorder  in  movement ; 
oo-ordination  is  as  essential  for  steadiness  of  uniform  contraction  as  for 
the  steadiness  of  the  varying  contractions  of  movement.  These  involun- 
tary movements  constitute  a  delicate  test  for  the  presence  of  ataxj. 

All  spontaneous  muscular  contractions  derange  those  that  are  due  to 
the  will,  and  movement  is  disordered  bj  any  ''  tremor  "  which  co-exists. 
Tlie  slight  rapid  contractions  that  cause  "  tremor  "  may,  indeed,  occur 
only  as  voluntary  movement,  and  there  is  a  gradation  of  disorder 
from  simple  inco-ordination  to  that  which  may  be  called  "  tremulous." 
So  also  more  extensive  spasm  disturbs  movement  with  which  it  coincides, 
and  energetic  contractions  of  involuntary  nature  may  be  excited  by  a 
volitional  impulse.  Hence,  just  as  simple  ataxy  may  pass  into  tremor, 
so,  on  the  other  hand,  there  is  a  gradation  by  "  jerl^  inco-ordination** 
to  wide  sudden  movements,  the  violence  of  which  obscures  the  element 
of  mere  disorder. 

It  is  necessary  to  distinguish  co- ordination  and  the  direction  of 
movement  to  a  definite  end.  The  motor  process  for  the  latter  depends 
on  sensory  guidance,  chiefly  on  the  senses  of  touch  and  sight.  A  semp- 
stress with  loss  of  sen;  a  ion  in  the  fingers  cannot  sew  unless  she 
constantly  watches  them.  A  compositor,  whose  sense  of  touch  is 
dulled  upon  the  tips  of  thumb  and  index  finger,  cannot  pick  up  the 
type,  or  if  he  does  pick  it  up  may  drop  it  again,  imless  he  constantly 
watches  the  movement.  There  is  also  a  guidance  from  the  afferent 
nerves  of  the  muscles,  but  this  is  related  to  co-ordination  proper  rather 
than  to  the  direction  of  movement^  and  it  will  be  more  conveniently 
considered  in  connection  with  the  functions  of  the  spinal  cord.  Indeed, 
the  mechanism  of  co-ordination,  and  its  special  factors,  can  only  be 
discussed  in  that  connection. 

8p<i$m, — ^Involuntary  muscular  contraction,  when  considerable  in 
degree,  termed  spasm,  is  always  due  to  the  influence  of  the  nervous 
system.  It  is  a  frequent  symptom  of  disease.  Three  chief  varieties 
may  be  distinguished,  but  intermediate  and  combined  forms  are  often 
met  with.  (1)  We  may  have,  first,  a  single  isolated  very  brief  contraction 
of  one  or  more  muscles.  (2)  Separate  contractions  may  occur  in  rapid 
succession,  a  second  commencing  as  soon  as  there  is  relaxation  of  the 
muscle  from  the  first  contraction.  This  is  termed  "  clonus,"  or  "  clonic 
spasm."  The  relaxation  of  one  is  often  incomplete  when  the  next  con- 
traction be^'ius.  (3)  There  may  be  a  persistent  contraction  in  which  no 
relaxation  can  be  perceived.     This  is  termed  "  tonic  spasm." 

(1)  It  will  be  remembered  that  muscles,  as  long  as  they  are  connected 

•  UUi,  "Near.  Centralb.,'  1884.  p.  88. 
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withihexMr?e-06ntra»>ax«ne^6r  ia  a  state  of  perfect  T^^  Theie 

u  always  a  certain  degree  of  persiateat  slight  oontvacCdon  of  the  fibies» 
which  keeps  them  adapted  to  the  distance  between  thair  attaduneats, 
so  that  the  substance  of  the  muscle  presents  always  a  simiLir  degrse  of 
firmness.  This  physiological  "  tone"  is  due  to  a  continuous  action  of 
the  centre  on  the  muscles,  through  the  motor  nerves ;  but  this  action  is 
apparently  determined,  in  degree  at  least,  by  the  sensory  impressions 
from  the  parts,  and  especially  fromthe  muscles.*  Toi^  spasm  may 
be  r^iarded  as  an  augmented  degree  of  this  state,  due  to  various 
causes.  Although  it  necessarily  depends  directly  on  the  action  of  the 
centres  in  the  spinal  cord,  this  may  be  due  to  the  augmenting  influence 
of  the  cerebral  centres,  or  to  diminution  of  the  latter,  permitting 
insubordinate  activity,  and  is  often  clearly  the  result  of  arefiez  process. 
It  must  be  distinguished  from  structural  shortening  of  the  muscla 
The  distinction  is  easy,  because  tonic  spasm  can  always  be  overcome  by 
gentle,  steady  traction,  while  structural  shortening  cannot  be  thus 
removed.  The  latter  may  result  from  long-continued  tonic  contraction ; 
nutritional  changes  alter  the  structure  of  the  muscle  and  fix  the 
elements,  espccally  the  interstitial  tissue,  in  the  state  of  contraction. 
It  occurs  whenever  muscles  for  a  long  time  are  unextended  by  their 
antagonists,  and  so  results  from  the  long-continued  maintenance  of  a 
certain  posture,  and  also  in  extreme  degree  from  paralysis  of  opponents. 
Its  influence  on  the  joints  and  the  parts  moved  causes  the  various  de- 
formities that  result  from  local  palsy.  The  tonic  spasmodic  shortening 
which  can  be  overcome  is  often  spoken  of  as  "  spastic"  It  is  some- 
times also  distinguished  as  "contracture,"  the  term  "contraction" 
(which  really  includes  all  forms  of  spasm)  being  then  applied  in  a 
narrow  sense  to  the  fixed  shortening. 

(2)  Single  muscular  contractions  vary  much  in  extent  and  duration ; 
when  partial  they  sometimes,  as  already  stated,  seem  to  be  of  locaJ 
origin.    When  more  extensive  they  depend  on  the  nerve-centres. 

(3)  Clonic  spasm  consists  of  a  series  of  brief  contractions,  each  of  which 
corresponds  to  that  which  is  caused  by  a  single  induction-shock  applied 
to  the  nerve.  This  has  a  definite  diuration  of  one  tenth  to  one  twelfth  of 
a  second,  but  it  is  often  prolonged  by  the  force  which  the  contracting 
muscle  has  to  overcome.  In  the  serial  contractions  to  which  the  term 
"  clonus  "  is  applied  there  is  also  an  interval  between  the  end  of  one 
and  the  commencement  of  another,  occupied  by  the  process  of  stimula- 
tion. The  *•  foot-clonus  "  to  be  presently  described,  which  consists  of 
a  series  of  such  contractions,  varies  in  frequency  from  five  to  eight  or 
ten  per  second.  The  contractions  in  "  tremor,"  as  seen  for  instance  in 
"  paralysis  agitans,"  have  a  somewhat  greater  average  &equency. 

*  JendnMHJk  ('Near.  Centralbl.,'  1896)  has  endeavoared  to  efltimnte  tho  degree 
of  tone  by  the  resistance  of  the  muscles  to  passive  extension,  and  finds  it  greater  in 
ipastic  paraplegia,  and  less  in  tabes  tlum  in  normal  states.  The  latter,  however,  pre- 
sented such  wide  variations  as  to  preclude  absolute  inferences.  The  amonat  of  the 
extending  force  applied  seems  to  need  more  careful  adjustment. 
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TMaaiio  Bpasm  b  prodnoed  by  tiie  blending  of  olonio  oontractiona 
wbich  nay  be  to  fused  tiiat  the  contractioii  is  uniform,  and  is  then 
idsntioal  -with  tome  apasm;  or  there  may  be  conimenoing  relaxation  of 
one  before  the  next  eontraetion  enpervenee.  This  is  chieflj  seen  as 
such  spasm  develops  or  lessens.  The  passage  of  tonic  into  clonic 
spasm  is  wdl  seen  in  the  severe  epileptic  conTtdsion,  in  which  the  fixed 
spasm  becomes  first  Tibiatoiy,  then  intermittent,  and  at  last  remittent. 

SsKSOBT  SncPTOMS. — Altered  sensation  is  another  reiy  common 
symptom.  It  has  often  to  be  searched  for,  because  a  significant  defect 
may  be  unknown  to  the  patient.  Each  form  of  sensation,  touch, 
temperature,  and  pain,  must  be  separately  tested,  since  one  may  be 
affected  and  not  another.  The  affection  of  one  form  only  is  sometimes 
of  important  diagnostic  significance. 

Stfiigilnlity  to  ToMc^—The  structures  that  subserve  tactile  sensibility 
are  stimulated  chiefly  by  motion— by  change  in  contact  Prolonged 
contact,  uniform  in  its  degree  and  place,  is  perceived  but  littie,  and 
only  by  close  attention.  It  is  the  change  that  excites  a  nerve  impulse ; 
the  commencement  of  contact  is  more  effective  than  its  cessation, 
but  m  each  case  lupidity  of  change  chiefly  determines  the  result, 
a  firm  pressure  may  be  scarcely  noticed  if  produced  very  gradually, 
while  a  sudden  toucb  is  observed,  however  light  In  testing  tactile 
sensibility  caxe  must  be  taken  that  the  instrument  ^nployed  does  not 
giTe  an  impression  of  heat  or  cold,  lest  the  patient  perceiye  by  the 
sense  of  temperature  that  which  he  cannot  perceive  by  the  sense  of 
touch.  The  observer's  finger  may  be  used,  if  it  is  not  cold,  or  the  skin 
may  be  touched  with  a  feather,  a  piece  of  string,  of  india  rubber,  &c. 
The  eyes  of  the  patient  should  be  closed  during  the  examination,  and, 
since  he  is  apt  to  fxmsy  that  he  feels  a  light  touch  when  he  does  not,  he 
should  occasionally  be  asked  if  he  can  feel,  when  no  contact  is  made. 
But  it  is  easy  to  make  the  test  too  fine.  Where  the  skin  is  thick,  or 
sensibility  is  normally  low,  a  light  touch  with  a  piece  of  String  or  a 
feather  may  normally  be  unperoeived.  Loss  of  sensibility  to  touch  is 
termed  "  ansBsthesia,"  but  this  word  is  often  applied  loosely  to  all  forms 
of  impaired  sensibility. 

In  examining  the  tactile  sensibility  it  is  important  to  ascertain  not 
only  vdiether  the  patient  can  feel,  but  whether  he  is  able  to  recognise 
the  place  touched, — wh^her  he  can  correctly  "  localise  *'  the  sensation. 
F:xr  this  he  must  be  asked  not  only  whether  he  feels  the  touch,  but 
also  to  say  or  point  out  where  he  feels  it  The  part  touched  should  be 
frequently  varied.  Another  test  for  tactile  sensibility  depends  on  the 
&ct,  ascertained  by  E.  H.  Weber,  that  the  distance  apart  at  which 
two  points  are  discriminated  is  nearly  the  same  in  different  individuals 
in  the  same  part  of  the  body,  although  it  varies  much  in  different 
parts  of  the  body.  The  normal  distance  being  known,  the  increased 
distance  at  whi<^  the  points  have  to  be  placed  for  their  discrimination 
is  a  measure  of  the  degree  of  defect    The  points  should  not  be  so 
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sharp  aa  to  occasion  paiiL  Common  compasses  may  be  employed* 
but  the  most  convenient "  sBsthesiometer  "  is  one  contriyed  by  Sierekingt 
in  which  the  points  are  attached  to  a  graduated  bar.  Tlie  greater  the 
degree  of  tactile  sensibility,  the  nearer  together  can  the  points  be,  and 
stiU  be  discriminated.  The  distance  at  which  they  are  normally  distin- 
g^hed  must  be  known  before  any  inference  can  be  drawn.  The  most 
important  average  distances,  ascertained  by  Weber,  are  as  follows  :^- 
The  distance  is  smallest,  i.  e.  the  sensitiveness  is  greatest,  at  the  tip  of 
the  tongue,  where  the  points  are  discriminated  when  only  1*5  mm. 
apart.  Then  come,  in  order  of  sensitiveness,  the  finger  tips,  2  to  8  mm. ; 
the  lips,  4  to  5  mm. ;  the  tip  of  the  nose,  6  mm. ;  the  cheeks  and  the 
backs  of  the  fingers,  about  12  mm. ;  the  forehead,  22  mm. ;  the  neck^ 
84  mm. ;  the  forearm,  lower  leg,  and  back  of  foot,  40  mm. ;  the  chesty 
45  mm. ;  the  back,  60  mm. ;  the  upper  arm  and  thigh,  75  nun.  Slight 
variations  exist  in  different  individuals,  and  a  deviation  from  the 
normal  that  is  uniform  in  degree  throughout  the  body  is  probably 
physiologicaL  In  using  this  test  it  is  necessaiy  to  touch  the  skin  with 
the  two  points  at  the  same  moment,  and  with  equal  pressure.  The 
examination  requires  time  and  patience,  and  the  results  are  considerably 
modified  by  the  intelligence  of  the  patient.  Moreover  the  power  of 
discrimination  is  increased  by  practice.  It  is  rare  to  obtain  a  con- 
elusive  result  unless  there  is  a  degree  of  defect  that  causes  a  slight 
absolute  loss.  For  these  reasons  the  practical  value  of  the  test  is  less 
than  was  at  first  anticipated,  and  it  is  not  often  employed.  It  is  most 
useful  for  the  estimation  of  changes  of  sensibility  ia  the  same  person 
and  the  same  part 

Curious  modifications  of  tactile  sensibility  are  sometimes  observed. 
In  one  of  these,  a  single  touch  \a  felt  as  if  it  were  two  or  even  three,  a 
condition  that  has  bemi  termed  "  polyeesthesia  "  (Fischer).  In  anothert 
an  impression  on  one  part  ia  referred  to  some  otilier  part,  usually  in  the 
same  limb,  rarely  in  another  limb.*  In  another  variety,  an  impression 
on  one  part  has  been  referred  to  the  corresponding  place  on  the 
opposite  side .  of  the  body  ;  this  has  been  termed  "  allocheiria " 
(Obersteiner). 

Perception  of  the  degree  of  pressure  on  the  skin  is  probably  sub- 
served by  the  nerves  for  tactile  sensibility.  It  may  be  estimated  by 
simple  pressure  applied  through  any  instrument,  or  by  small  weights, 
or  by  an  instrument  contrived  for  measiuing  the  tension  of  the  pulse 
in  which,  by  means  of  a  spring,  the  part  tested  must  be  supported,  so  that 
the  muscles  are  not  brought  into  action.    The  point  to  be  ascertained 

*  In  most  persons  there  ar«  spots  io  the  skin  whence  a  painfal  sensation  seems  to 
dart  to  a  ilistnnt  place;  §,ff,  a  prick  on  tlie  ihlgh  in  a  limited  area  may  be  felt  alM 
as  a  sharp  pain  neer  the  scipula.  This  shows  how  structm-al  connections  matt  exist 
favouring  the  "reference"  of  sensation  to  a  distance  from  the  nerve  stimulnted. 
Another  instance  of  th«  same  prrverteti  reference  is  presented  by  the  frequent 
nearalgic  pHin  in  one  jaw  due  to  a  carious  tocth  in  the  other  jaw,  which  seemi 
paiulesa. 
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is  the  iniTiiTiniTn  Tariation  that  can  be  leoogzuBecL  In  health  this  ia 
about  one  twentieth  of  the  total  pressure,  whatever  the  latter  maj  be 
(Weber).  The  sensation  in  the  skin  oaused  hj  electricity,  especially 
by  faradism,  does  not  always  correspond  to  that  due  to  other  stimuli. 
It  has  been  thought  to  depend  on  a  special  form  of  sensibility,  but 
the  evidence  of  this  is  insufficient.  Its  features  and  their  meaning 
have  yet  to  be  ascertained. 

Sennbility  to  ^n  is  subserved  by  what  are  called  nerves  of  ''  common 
sensibilify."  It  may  be  tested  by  a  prick  or  a  pinch.  For  a  prick, 
too  fine  a  point  must  not  be  used,  not  only  because  a  sharp  point  may 
penetrate  the  skin,  but  because,  in  the  less  sensitive  parts  of  the  skin, 
where  the  nerve-endings  are  not  close  together,  a  fine  point  may 
be  unfelt  at  one  spot,  although  felt  readUy  at  a  place  close  by. 
Kothing  answers  better  than  the  point  of  a  quill  pen.  The  faradio 
eoirent  may  be  employed  to  test  sensibility  to  pain,  wire  terminals 
being  most  suitable  for  the  purpose.  Its  advantage  is  the  delicacy 
with  which  it  can  be  graduated ;  but  it  does  not  furnish  any  absolute 
standard,  and  needs  more  study  before  it  can  be  usefuUy  employed. 

Sensibility  to  pain  may  be  changed  with  or  without  sensibility  to 
touch.  Its  loss  is  termed  "  analgesia,"  but  is  often  included  in  the 
general  term  "  ansssthesia."  A  painful  sensation  may  be  felt  more 
intensely  than  normal ;  this  is  usually  called  **  hypenesthesia  " — a 
general  term  for  increased  sensitiveness ;  sometimes,  with  more  pre- 
cision, "  hyperalgesia."  Occasionally  a  touch  on  the  skin  gives  rise 
to  pain,  but  it  is  probable  that  this  is  due  to  the  stimulation  of  the 
over-sensitive  nerves  of  common  sensibility,  and  is  not  an  intensification 
of  a  tactile  sensation.  The  fact  that  touch  may  be  perfect,  although  no 
pain  can  be  caused,  makes  it  difficult  to  conceive  that  the  nerves  of 
touch  can  subserve  pain.  Both  tactile  and  painful  impressions  may 
produce  sensations  that  are  abnormal  in  character,  described  as 
**  thrilling,"  "  tingling,"  Ac  This  perverted  sensation  has  been  termed 
"panestheaia,"  or  "  dyssesthesia,"  words  that  have  also  been  applied 
to  purely  subjective  sensations. 

When  a  prick  is  perceived  as  touch,  pain  being  lost,  care  is  needed 
that  the  patient  shaU  clearly  know  what  is  desired.  Since  there  is 
often  delay,  when  there  is  not  loss,  he  should  be  told  to  say  **  touch  " 
or  **  prick  "  the  instant  either  sensation  is  perceived.  When  sensibility 
to  pain  18  diminished  but  not  lost,  the  test  must  be  kept  uniform. 
Another  source  of  error  is  then  occasioned  by  the  readiness  with  which 
the  patient  may  mistake  the  degree  of  pain  he  is  required  to  recognise, 
and  by  the  fact  that  his  idea  often  varies  in  the  course  of  the  examina- 
tion.  He  may  thus  deny  that  he  feels  a  prick  as  such  at  a  part  where 
presently  he  says  he  does,  and  this  quite  honestly,  the  sensation  being 
really  the  same.  It  is  probable,  indeed,  that  this  is  the  most  frequent 
cause  of  the  conclusion  that  the  state  "  varied  in  the  course  of  the 
examiuntion,"  or  that  "  the  patient's  answers  were  xmreliable." 

BennoUity  to  temperature  is  usually  affected  with  sensibility  to  pain, 
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but  often  not  in  the  Baan.edegree,  and  one  may  be  impaired  without  the 
other.  There  may  be  an  absolute  inability  to  reoognise  either  heat  or 
oold  aa  such,  or  slight  degrees  of  each  may  be  unpercei^ed  while  con* 
siderable  degrees  are  recognised  correctly.  In  the  latter  case  tliere  is 
impairment  of  the  power  of  perceiving  differences  in  temperature, 
analogous  to  the  defect  in  the  perception  of  differences  in  pressure. 
There  may  be  also  perverted  sensibility,  whereby  hot  objects  feel  cold« 
and  cold  objects  hot.  The  pain  which  extreme  degrees  of  temperature 
normally  produce  may  be  felt  with  undue  readiness,  or  less  readily 
than  nonnal.  When  the  interval  is  increased  that  elapses  before  a 
sensation  of  pain  is  felt,  there  is  a  similar  delay  in  the  sensation  of 
temperature.  It  must  be  remembered  that,  in  health,  this  sensation  is 
less  quickly  produced  than  that  of  pain,  because  time  is  required  to 
raise  the  temperature  of  the  skin  sufficiently  to  enable  the  heat  to 
stimulate  its  nerves.  For  rough  examination,  hot  and  cold  spoons 
may  be  employed,  or  a  hinged  tongue  depressor,  one  half  of  which  is 
warmed,  or  two  similar  test-tubes,  one  containing  hot  and  the  other 
cold  water.  Both  heat  and  cold  must  be  sufficient  in  degree  to  be 
unquestionable*  so  that  the  doubt  of  a  patient  is  certainly  pathological, 
and  not  due  to  uncertain  "  lukewarmness.*'  For  ascertaining  the  power 
of  differential  discrimination,  large  test-tubes  may  contain  water  at 
known  temperatures,  indicated  by  a  thermometer  in  each. 

It  is  always  necessary  to  test  separately  the  sensibility  to  heat  and 
to  cold,  as  there  is  reason  to  believe  that  they  are  subserved  by 
different  nerves.  If  very  minute  points  of  the  skin  are  examined,  it 
has  been  found  that  at  some  points  only  heat,  at  others  only  cold,  is 
perceived.  The  stimulation  of  points  of  the  skin  by  electricity  is  said 
also  to  show  that  at  some  points  the  peculiar  electrical  sensation  is 
produced,  at  others  a  sensation  of  cold,  at  others  one  of  heat.  Further, 
the  points  identified  as  "  cold  points  *'  and  "  warm  points  "  by  the  one 
method  are  said  to  correspond  with  those  ascertained  by  the  other.* 
The  conclusion  from  these  observations  is  confirmed  by  the  fact  that 
in  disease  the  sensibility  to  heat  and  to  cold  may  be  affected  in  different 
degrees.  Commonly,  however,  the  defect  in  the  two  corresponds; 
accuracy  in  the  comparison  is  beset  with  great  difficulty. 

Mv8cular  Sensibility, — The  term  "muscular  sense,"  aa  often  used, 
includes  more  than  one  form  of  sensation.  There  is,  first,  a  true 
muscular  sensibility.  The  muscles  are  abundantly  supplied  with 
sensory  nerves,  which  end  in  the  interstitial  tissue  between  the 
muBCidar  fibres  in  special  structures,  fusiform  in  shape,  and  hence 
termed  "  muscle  spindles."  These  have  long  been  known,  but  have 
lately  been  investigated  by  Sherrington,  Batten,  and  others.  They 
are  of  considerable  length,  some  nearly  half  an  inch  long,  and  have  a 
special  relation  to  the  afferent  fibres,  which  seem  to  begin  in  them, 

•  Blix,  *  Zeit^chr.  f.  Biolojrie,'  Bd.  xx,  p.  141 ;  Eulenberg, «  Zeittcbr.  f .  klin.  Med.,' 
Bd.  ix,  He(%  2.  The  obMrvntions  linve  niso  been  corrobonted  by  Qoldiicheider  imd 
Herzeii.  bat  the  lubject  desenres  farther  invertigatioa* 
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althaagli  the  strange  hd  that  thej  oontain  striated  mnseukr  fibres 
makes  it  probable  that  motor  fibrils  maj  enter  theoL  Their  relations^ 
degeneratiTe  and  morbid*  have  yet  to  be  -worked  out,  bat  we  maj 
sssome  that  it  is  probablj  in  tbem  that  the  afierent  impulses  arise. 
Such  impulses  are  excited  especially  by  pressure,  and  by  traction  on  the 
Brasda  Thus  a  squeeze  of  the  calf  causes  a  muscular  sensation 
of  an  undeniable  quality,  and  strong  passire  flodon  of  the  foot  on 
the  leg  causes  a  sensation  which  is  distinctly  produced  in  the  muscle. 
The  nerres  are,  moreover,  stron^y  stimulated  when  the  fibres  are 
widened  by  the  extreme  contraction  of  ''cramp/'  which  causes 
acute  pain.  It  must  be  ascribed  to  the  compression  of  these  ner?6- 
endings,  since  no  afiEerent  impressions  seem  to  come  from  within  the 
fibres.  It  18  thus  a  proof  of  their  susceptibility  to  pressure-excita- 
tion. After  cramp,  moreoyer,  the  nerves  are  left  in  a  state  of  such 
exalted  excitability  that  even  slight  extension  of  the  muscle  gives  rise 
to  pain,  although  such  extension  has  no  sensory  efEect  in  the  normal 
state.  Evexy  one  has  experienced  the  effect.  We  shall  afterwards  see 
the  importance  of  the  fact  that  the  nerves  are  chiefly  stimulated  by 
these  two  mechanical  processes. 

The  muscular  pain  caused  by  electrical  stimulation,  as  distinct  from 
the  pain  felt  in  the  skin,  may  be  due  to  the  stimulation  of  the  afiEerent 
nerves  in  excessive  degree,  or  to  the  effect  on  them  of  the  muscular 
contraction  that  is  produced ;  the  former  is  the  more  probable.  But 
these  sensations  of  pain,  although  due  to  **  muscular  sensibility,"  are 
not  included  in  the  term  ''  muscular  sense."  Thej  are,  however,  of 
great  importance  on  account  of  the  conclusive  evidence  they  afford  thai 
afferent  impulses  come  from  muscles  and  as  to  the  way  in  which  they 
are  produced. 

1^  chief  knowledge  that  is  ascribed  to  the  ''muscular  sense"  is 
that  of  the  character  of  movement  and  posture  due  to  the  action  of 
the  muscles,  of  thedegree  of  movement  and  energy  of  contraction,  and 
also  of  the  character  of  passive  movement  (by  an  extemalforoe)  and  of 
posture  when  the  muscles  are  at  rest  It  ii  evident,  however,  that  here 
we  have  two  very  different  conditions,  in  one  of  which  there  is  much 
activity  of  all  the  motor  elements,  nervous  and  muscular,  while  in  the 
other  these  are  almost  at  rest,  only  such  gentle  action  persisting  as 
maJntaiuB  the  "  tone."  Except  in  absolute  relaxation,  there  ii  probabty 
continuous  stimulation  of  the  afferent  nerves  by  this  tonic  state  of  the 
UDScnlar  fibres.  In  active  contraction,  this  stimulation  is  far  greater, 
and  activity  of  the  motor  nerve-centres  is  added.  Hence  two  elements 
«re  comprehended  in  the  term,  and  must  be  separately  considered. 

Our  knowledge  of  active  states  of  the  muscle  is  due,  at  least  in  some 
measure,  to  the  effect  on  consciousness  of  the  activity  of  the  nerve- 
Btructufes  causing  the  movranent.  The  proof  of  this  conmsts  in  three 
facts.  (1)  In  palsy  of  an  ocular  muscle,  objects  seen  are  referred  to 
the  position  (in  r^ation  to  the  body)  that  they  would  occupy  if  the 
movement  corresponded  to  the  innermtion ;  it  is  the  latter,  i. «.  tiie 
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activil^  of  the  centre,  to  which  the  perception  corresponds.  (2)  After 
amputation  of  a  limb,  a  person  who  makes  an  effort  to  moye  the  lost 
part  seems  to  feel  as  if  he  did  moye  it.  (8)  In  some  convtdsionB 
beginning  locally,  slight  attacks  maj  be  attended  with  a  feeling  that 
the  arm  is  raised  above  the  head,  or  otherwise  moved,  when  it  is 
hanging  by  the  side.  These  facts  show  that  the  central  motor  process 
is  an  important  source  of  onr  knowledge.  But  to  its  effect  must  be 
added  that  of  the  impulses  from  the  muscles,  about  to  be  described. 

Our  knowledge  of  rest-posture  and  passive  movement  must  be 
derived  from  incoming  impulses.  These  are  not  from  the  skin ;  the 
sense  of  posture  may  be  lost  when  cutaneous  sensibUily  is  normal,  and 
perfect  when  this  is  much  impaired.  This  is  observed  in  unilateral 
lesions  of  the  spinal  cord,  and  in  other  diseases.  The  chief  source  of 
these  perceptions  must  therefore  be  the  deeper  afferent  nerves,  those  of 
the  muscles  and  joints,  perhaps  chiefly  of  the  muscles. 

These  afferent  impulses  are  no  doubt  continuously  generated,  but  do 
not  influence  consciousness  as  definite  sensations.  They  certainly  in- 
fluence the  activity  of  the  motor  centres  of  the  spinal  cord,  and  there  is 
reason  to  think  that  they  pass,  in  part^  to  the  cerebellum,  and  act 
through  it  on  the  cerebral  cortex,  determining  and  assisting  in  regu- 
lating its  activity.  This  influence  on  the  motor  centres,  by  the  effect  it 
produces,  is  apparentiy  one  chief  cause  of  the  perceptions  of  these 
passive  states.  The  active  state  of  the  motor  centres  of  the  cortex, 
however  it  is  produced,  has  an  effect  on  consciousness  and  enters  into 
perceptions  though  no  sensation  results.  This  may  be  combined  either 
with  true  sensation  from  the  parts  concerned,  or  with  the  result  of  still 
slighter  impulses,  to  be  discerned  only  by  close  attention,  to  the  joints, 
skin,  &0,,  of  which  we  seem,  at  first,  to  be  altogether  unconsdous. 
We  are  thus  led  to  refer  our  perceptions  of  passive  posture  in  part  to 
the  same  structures  as  give  rise  to  our  perceptions  of  active  posture. 
Our  knowledge  is  the  result  of  such  perception,  and  not  of  true  sensation 
proper ; — ^we  perceive  and  know  that  which  we  do  not  feel. 

Our  recognition  of  resistance  to  contraction  affords  one  of  the  most 
delicate  tests  for  "  muscular  sensibility."  It  is  ascertained  by  testing 
the  ability  to  detect  differences  of  weight,  t.  e.  variations  in  the 
resistance  to  contraction.  In  this  examination  the  patient's  eyes 
should  be  closed,  and  the  objects  used  should  be  of  uniform  size. 
Leather  balls  like  small  cricket  balls,  containing  various  weights  from 
two  drachms  to  two  pounds,  are  in  use  at  the  Queen  Square  Hospital 
for  this  purpose.  To  eliminate  as  far  as  possible  the  stimulation  of 
the  cutaneous  nerves,  we  may  (1)  reduce  it  to  a  minimum  area,  placing 
the  weights  in  a  ba^  suspended  by  a  string  to  the  part  to  be  tested,  so 
that  only  a  small  area  of  the  skin  shall  be  pressed  upon ;  (2)  increase 
the  area  (Hitzig) ,  and  thus  diffuse  it  in  diminished  degree ;  (8)  increase 
the  weighty  and  therefore  the  pressure  in  both  area  and  degree,  so  that 
the  addition  to  be  discerned  shall  bear  only  a  small  proportion  to  the 
total  stimulation. 
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Thus  we  may  test  museolar  sezisibilily : — (1)  bj  the  power  of 
discnminatmg  weight.  This  is  greater  than  in  the  case  of  the  nerres 
of  the  skin,  sinoe  a  difference  of  one  fortieth  of  the  total  weight  can  be 
recognised  under  normal  conditions ;  (2)  bj  the  sensitiveness  of  the 
muscles  to  pressure  and  traction;  (8)  by  their  sensitiTeness  to 
electrical  stimulation.  It  is  difficult  to  test  accurately  the  electro- 
sensibility  unless  the  sensitiTeness  of  the  skin  is  lost»  or  is  removed,  as 
by  the  injection  of  cocain. 

The  power  of  recognising  passive  posture  is  also  r^arded  as  a 
test  for  muscular  sensibility,  but  it  may  mean  much  more,  afterwards 
to  be  considered.  If  cutaneous  sensibility  is  normal,  the  parts  handled 
must  be  grasped  firmly,  and  pressed  on  both  sides,  so  that  the  direction 
of  pressure  may  not  suggest  the  posture.  The  patient  should  be  asked 
to  indicate  the  sensation  by  putting  the  limb  of  the  other  side  into  the 
same  posture.  Several  observations  should  be  made  to  eliminate  the 
chance  of  accidental  error. 

BsFLXx  Action. — ^Many  symptoms  of  disease  of  the  nervous  system 
■re  due  to  derangement  of  the  various  reflex  actions.  These  are 
numerous,  and  we  can  now  only  consider  their  general  characters. 
Each  action  is  effected  through  afferent  sensory  nerves,  efferent  motor 
nerves,  and  a  system  of  nerve-cell-processes,  and  intervening  sub- 
stances,— ^the  "reflex  centre."  The  centre  is  usually  complex  and 
often  extensive,  and  in  it  are  paths  of  different  "redstance,"  deter- 
mining the  form  of  reflex  action  and  its  extent,  according  to  the 
source  and  intensity  of  the  sensory  impression.  The  reflex  centre 
is  between  the  roots  of  the  sensory  and  motor  nerves  concerned,  and 
with  them  it  constitutes  what  may  be  termed  a  "  reflex  arc'*  The 
sensory  impulse  may  not  only  excite  a  motor  process,  it  may  also  pass 
up  to  the  brain,  and  influence  consciousness  as  a  sensation.  It  is 
probable  that  the  two  effects  are  subserved  by  the  same  nerve-fibres,  so 
far  as  the  cutaneous  nerves  are  concerned,  but  some  fibres  from  the 
muscles  pass  up  the  cord  without  connection  with  the  spinal  centres. 
Further,  the  reflex  centre  of  the  spinal  cord  is  to  some  extent  under  the 
control  of  encephalic  centres — a  point  of  very  great  importance. 

Two  forms  of  reflex  action  must  be  distinguished.  The  first  is 
that  excited  chiefly  by  stimulation  of  the  nerves  of  the  skin;  the  second 
is  produced  by  the  stimulation  of  deeper  nerves,  chiefly  those  of  the 
muscles,  in  the  manner  just  described*  This  form  is  caused,  among 
other  ways,  by  tapping  a  tendon,  and  therefore  was  at  first,  and  still  is 
sometimes,  called  "  tendon-reflex  action  " — an  imdesirable  name. 

Oula/neofu  Beflex  Action, — ^The  reflex  movements  obtained  from  the 
skin  are  excited  rather  by  a  gentle  stimulation,  as  a  touch,  than  by  a 
strong,  painful  impression.  They  consist  of  a  single  movement  in  most 
instances,  either  quick  or  slow,  but  often  complex,  and  extensive  in 
pioportion  to  the  character  of  the  stimulation  effected,  the  nature  of 
the  central  mechanism,  and  the  state  of  the  centra.    Often  muscles  at 
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a  diBtonoe  are  inflaenoed  hy  a  powerful  etimolatioii,  eitbor  with  oihen 
or  aioane.  A  strong  impv^sraoii  may  cause  a  reflex  action  so  wide  as  to 
involve  most  of  the  muscles  of  the  bodj".  As  a  rule  a  painful  impres* 
skm  causes  quick  flexion  of  a  limb,  such  as  to  withdraw  it  from  the 
cause  of  the  pain.  Thus  a  prick  near  the  knee  causes  a  reflex  flexion  of 
the  hip.  In  othttr  oasss,  where  withdrawal  is  impossible,  a  protectiye 
ttOY^ment  results,  as  in  the  case  of  the  ejelids. 

The  slighter  degrees  of  excitation  cause  a  contraction  in  the  muscles 
dose  to  the  part  of  the  skin  that  is  stimulated,  the  impulse  passing,  in 
the  spinal  cord,  only  to  the  related  motor  centres.  This  limitation  of 
the  process  renders  them  important  in  diagnosis,  especially  when  lost 
on  one  side  (see  the  clutpter  on  the  functions  of  the  spinal 
cord).  The  cutaneous  reflex  actions  may  be  excited  at  almost 
any  part  of  the  skin,  but  at  some  parts  they  are  very  definite  in  chsr 
meter,  and  are  distinguished  by  special  names.  The  most  important 
are  the  "  plantar  reflex,*'  from  the  sole ;  the  **  gluteal  reflex,"  a  contrao* 
tion  in  the  gluteus  when  the  skin  over  the  muscle  is  stimulated ;  the 
"  cremaster  reflex,"  a  retraction  of  the  testicle  on  stimulation  of  the  skin 
on  the  inner  part  of  the  thigh ;  the  "  abdominal  reflex,"  in  the  muscles 
of  the  abdominal  wall  when  the  skin  over  the  side  of  the  abdomen  is 
stroked ;  the  upper  part  of  this  reflex  is  a  very  definite  contraction  at 
the  epigastrium,  and  has  been  termed  the  ''epigastric  reflex."  A 
series  of  reflex  actions  may  be  obtained  in  the  muscles  of  the  back, 
the  highest  being  in  the  muscles  of  the  scapula.  Others  have  been 
distinguished  and  named,  but  this  process  may  easily  be  carried  too 
far.  These  spinal  reflex  actions  vary  in  their  excitability  in  different 
individuals,  and  are  always  more  readily  produced  in  the  young  than 
in  the  old.    They  may  be  increased  or  abolished  by  disease. 

In  the  region  of  the  cranial  nerves  the  most  important  reflexes  aiB 
those  of  the  eye, — (1)  the  conjimctival  reflex  ;  (2)  the  contraction  of 
the  pupil  on  exposure  of  the  eye  to  light ;  (8)  dilation  on  stimulation 
of  the  bkin  of  the  neck. 

MuacU-reflex  Action ;  "  Tendon-reflexe$,** — The  second  group  of 
phenomena  which  depend  on  reflex  action  were  first  systematically 
studied  by  Erb  and  Westphal  more  than  twenty  years  ago.  Attention 
was  called  to  them  in  this  country  by  Grainger  Stewart  and  Buzzard  in 
1878.  They  have  since  been  the  subject  of  a  vast  amount  of  study  and 
discussion.  All  occur  in  muscles  that  are  in  a  state  of  slight  tension, 
and  are  produced  by  a  sudden  increase  of  this  tension  or  by  some  other 
sudden  mechanical  influence,  but  voluntary  contraction  superadded  to 
passive  tension,  diminishes  or  prevents  them.  Th^  are  distinguished 
according  to  their  seat,  and  vary  in  distinctness,  conspicuousness,  and 
the  ease  with  which  they  are  produced  according  to  the  medianical 
eonditions  of  the  muscles  and  their  attachments. 

The  first  of  these  is  the  jerk  of  the  leg  which  occurs  when  ikiB 
patellar  tendon  is  tapped.    It  has  been  called  the  "  knee-phenomenon  ** 
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V  Westphal,  tbe  "patellar  tendon-reflex "  hj  Erb,  the  '' loiee-^jerk " 
bj  mjrself .  To  obtam  tbe  jerk;  the  knee  must  be  flexed  so  that  tbe 
quadriceps  femoris  is  gently  extended.  If  then  the  patellar  tendon  is 
struck,  the  quadriceps  contracts,  and  the  lower  leg  is  jerked  forwaord 
if  free  to  moYSb  The  blow  is  given  over  the  space  above  the  tibi» 
where  the  tendon  can  yield,  so  that  there  is  a  sudden  iscrease  in  the 
tension  of  the  muscle*  The  asost  conveni^t  position  is  with  the  knee 
to  be  tested  flexed  nearly,  but  not  quite,  at  a  right  angle,  by  being 
placed  over  the  other  knee  as  the  person  sits  (Fig.  1).  But  if  the  leg 
to  be  tested  is  stout,  its  te^ion  in  this  position  may  be  too  great  to 


Pio.  1.— Thb  Knbbjksk. 
TIm  dutWd  liae  iii4icat«s  the  moTemeiit 
wbioh  follows  Um  hlow  on  the  patellar 
toDdoQ. 


Fig.  2.— Thb  Embs-jkuk. 
Method  of  obtaiuiiif|[  it  wlieii  it 
is  not  readily  produced  in  the 
ordinary  way. 


permit  of  any  movement.  In  such  case  the  observer  may  place  his  arm 
beneath  the  patient's  thigh,  just  above  the  knee,  and  rest  his  hand  on 
the  patient's  other  knee  (Fig.  2).  Muscular  relaxation  is  sometimes 
more  readily  obtained  when  the  legs  hang  vertically ;  or  the  foot  may 
re«t  on  the  floor,  and  the  contraction  be  felt  by  the  hand  placed  on  the 
muscle;  the  effect  of  the  recoil  and  of  the  muscular  contraction  must 
then  be  carefully  distinguished.  If  the  bent  fingers  of  each  hand  aie 
hooked  together,  the  hands  pulled  strongly,  and  the  eyes  closed,  the 
movement  is  increased  in  degree — "  reinforcement,"  it  has  been  termed.* 
It  is  essential  that  the  flexors  also  should  be  free  from  voluntary  con- 
traction. This  contraction  may  be  ascertained  by  feeling  the  hamstring 
tendons,  and  pressure  on  these  by  the  fingers  often  helps  to  secure  re- 
laxation. The  blow  may  be  given  by  the  side  of  the  hand,  a  percussion 
hammer  (Fig.  2),  or  a  stethoscope  with  an  india-rubber  edge  to  the 
ear-pieoa  If  the  jerk  is  doubtful,  the  skin  should  be  bared. 
*  A  oaefnl  dtsYtce  luggested  by  Jendvaaaik. 
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The  same  contraction  may  be  obtained  bj  other  modes  of 
Buddenlj  increasing  the  traction  on  the  muscle,  especially  when  this 
excitability  is  abnormal  in  d^^ee.  A  blow  on  the  tibia  may  be 
effective,  but  a  method  which  has  much  practical  convenience  is 
this.  When  the  patient  is  lying  with  the  muscles  relaxed,  the  patella 
is  displaced  downwards  by  a  finger  placed  across  its  upper  edge ;  a  tap 
on  the  finger  in  the  direction  of  pressiure,  so  as  suddenly  to  increase 
the  tension,  excites  the  contraction  of  the  muscle  whenever  there  is 
even  slight  increased  excitability.  If  the  tension  is  maintained  when 
the  excitability  is  much  greater  than  normal,  the  single  contraction  is 
immediately  succeeded  by  a  second,  and  this  by  a  third,  and  so  on — a 
series  of  quick  clonic  contractions,  or  **  clonuB,"which  will  be  considered 
presently  in  more  detail  It  may  continue  as  long  as  tension  is  kept 
up,  but  instantly  ceases  when  the  muscle  is  relaxed. 

Similar  contractions  can  be  obtained  by  similar  measures  in  many 
other  muscles.  That  in  the  muscles  of  the  calf,  which  causes  a  move- 
ment at  the  ankle-joint,  is  especially  important.  If  the  calf  muscles, 
which  are  connected  with  the  Achilles  tendon,  are  made  tense  by 
gently  pressing  up  the  foot,  and  this  tendon  is  tapped,  the  muscles 
contract,  causing  a  slight  extension  movement  of  the  foot ;  just  as  the 
muscles  of  the  thigh  contract  when  the  patellar  tendon  is  struck.  The 
tendon  is  unsupported  just  as  is  the  patellar  tendon,  and  so  yields 
before  the  blow  increasing  suddenly  the  tension  on  the  muscles.  A 
tap  on  the  side  of  the  tendon  is  equally  effective ;  but  if  the  tendon  is 
so  firmly  supported  on  the  other  side  that  it  cannot  yield,  a  tap  which 
before  caused  the  contraction  will  not  do  so.  This  is  evidence  that  it 
is  not  the  mere  percussion  of  the  tendon,  but  the  increased  tension, 
which  constitutes  the  stimulation.  In  cases  in  which  the  excitability  is 
excessive — just  as  sudden  tension  in  the  thigh  muscles  will  cause  a  con- 
traction, followed  by  others  in  a 
continuous  series — so,  in  such 
cases,  if  the  calf -muscles,  which 
extend  the  ankle-joint,  are 
suddenly  put  on  the  stretch  by 
pressing  the  hand  against  the 
sole  of  the  foot  (Fig.  8),  the 
first  contraction  is  followed  by 
another,  and  they  recur  as  long 
as  the  tension  is  maintained. 
This  series  of  contractions, 
the  "foot-clonus"  or  "ankle- 
donus "  (or  "  foot-phenome- 
non"— ^Westphal),  is  a  very 
important  symptom.  The 
movement  is  remarkably  uni- 
form under  the  same  conditions,  varying  from  six  to  nine  contractions 
per  second.     By  attaching  a  writing  point  to  the  foot,  and  making  it 


Fio.  8.— Mbthod  of  blioitino  thb 
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taraoe  a  line  on  a  revolying  cylinder  covered  with  blackened  paper, 
tracings  may  be  obtained  (Fig.  4),  which  are  almost  as  regular  ai 


Tm.  4.— Tbacivo  of  thb  Foot-ot.okus  in  Pakaflsoia* 
(The  traciug  reads  from  right  to  left.) 

those  of  a  toning-fork.*  The  clonus  in  the  extensors  of  the  knee  has 
the  same  time,  and  the  two  are  of  the  same  nature.  A  clonus  quite 
similar  may  sometimes  be  obtained  in  other  mxiscles — ^peronei,  flexor 
breyis  pollicis.  Similar  contractions  may  be  obtained  in  the  muscles 
of  the  arms.  Normally  those  most  distinct  are  (1)  in  the  biceps  and 
supinator  longus,  obtained  by  a  tap  at  the  wrist,  especially  on  the  radius, 
to  which  the  biceps  tendon  is  attached ;  and  (2)  in  the  triceps,  by  a  tap 
on  its  tendon  aboye  the  olecranon.  When  excessive,  and  there  is  persis- 
tent contraction  in  the  flexors  of  the  fingers,  a  similar  contraction  can  be 
obtained  in  them,  or  in  the  supinators,  and  even  a  clonus,  by  maintain- 
ing the  increased  tension.  With  the  increased  excitability  of  disease, 
a  contraction  can  easily  be  obtained  in  the  masseters  by  tapping  the 
chin  when  the  jaw  is  depressed,  and  a  clonus  may  occasionally  be 
produced  in  these  muscles,  and  even  in  the  trapezius. 

When  a  tendon  is  tapped,  and  its  muscle  contracts,  the  occurrence 
has  so  much  the  aspect  of  a  true  reflex  action  that  it  was  generally 
assumed  to  be  such,  the  stimulus  being  the  excitation  of  nerves  in  the 
tendon.  This  view  received  apparent  confirmation  by  the  discoveiy  of 
certain  facts.  (1)  That  there  are  nerves  in  tendon.  (2)  That  these 
phenomena  depend  for  their  occurrence  on  the  integrity  of  the  leflex 
path  to,  through,  and  from  the  spinal  cord,  and  are  arrested  by  a 
lesion  in  this  path.  By  experiments  on  animals  (in  whom  similar 
contractions  may  be  obtained)  it  has  been  f  oxmd  that  they  are  pre- 
vented by  division  of  the  nerves  to  the  muscles,  by  division  of  either 
the  anterior  or  posterior  roots  of  the  spinal  nerves,  or  by  destruction 
of  the  spinal  cord.t 

These  experimental  facts  are  abundantly  confirmed  by  those  of 

^  Other  lllnstrationt  will  he  foand  in  the  writer's  paper  (*  Med.-Chir.  Trans^ 
1870),  "  The  so-called  Tendon-reflex  Phenomena."  Since  then  tracings  have  been 
pahlished  by  Charcot  and  many  others. 

t  See  Tschiijew,  'Archir  far  Psychiatrie/  Bd.  viii.  Heft  8,  1878,  and  many 
sabeeqaeot  investigations,  among  which  the  most  important  are  those  of  Waller 
(« Joanu  of  Phys./  1896)  and  Sherrington  ('  Proc.  Boy.  Soc.,'  1898).  They  do  not 
iavolve  practical  qaestiont,  such  aa  to  make  thnr  description  needful  here. 
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dneaae,  oonspieaoody  in  peripheral  nenritit.  The^  nnqneBtioiiftblj 
whffw  that  soma  leAex  actioii  is  esaeQtial;  bat  (as  Westphal  main- 
tallied  from  the  first)  they  do  not  prove  that  the  contractions 
depend  on  a  simple  reflex  action.  From  tiie  fact  that  the  contraction 
is  oansed  bj  a  tap  on  the  teodm,  the  oonchuion  that  the  oomttactbn 
was  a  simple  reflex  effect  of  the  stimulation  of  its  nerres  seemed 
obvionsy  so  the  name  '^tendon-reflex*'  was  given  hy  Erb^  and  its 
simplidtj  and  correspondence  with  the  conspicnoos  facts  made  it  at 
once  cmrant^  and  it  has  lenuuned  so.  Tet  the  theory  it  embodied  is 
not  onlj  erroneous,  bat  it  obscores  tbe  general  relations  of  these 
phenomena^  which  are  of  great  importance  for  the  comprehension  of 
the  symptoms  of  disease.  Hence  it  is  necessary  to  explain  the  evidence 
in  some  detail,  and  the  &cts  show,  nsefully,  that  that  which  is 
'^obnoos''  may,  as  the  origin  of  the  word  suggests,  be  a  cause  of 
stumbling. 

(1)  The  contractions  occur  equally  wben  the  connections  of  the 
tendon  and  all  its  nerves  have  been  divided.  (2)  They  occur  only 
when  the  muscle  is  ia  a  state  of  slight  passive  tension,  and  the  tap  on 
the  tendon  can  increase  this.  With  a  relaxed  muscle,  a  pinch  of  the 
tendon  produces  only  a  wide  reflex  action,  like  that  from  a  pinch  of 
the  skin;  indeed,  this  follows  a  pinch  that  can  be  felt  when  tlie 
muscle  is  tense.  Definite  stimulation  of  the  nerves  of  the  tendon  never 
acts  on  its  musde  only.  (8)  Not  only  must  the  tap  increase  the 
tension,  but  (as  we  have  seen  when  these  phenomena  are  excessive) 
any  similar  sudden  increase  has  the  same  effect,  e.g,  ataponthebone  to 
which  the  tendon  is  attached.  That  on  the  depressed  patella  (p.  22), 
has  the  same  effect  as  a  tap  on  the  tendon  below. 

When  there  is  extreme  excess,  the  readiness  with  which  a  tap  on  the 
bone  is  effective  has  led  to  the  idea  that  the  stimulus  is  from  the 
periosteum,  but  the  tap  is  only  effective  when  it  can  act  mechanically 
on  the  muscle.  It  must  be  on  the  bone  to  which  the  musde  is 
attached,  and  in  the  direction  to  increase  its  tension. 

The  evidence  is  conclusive  that  the  contractions  are  not  excited  by 
stimulation  of  the  nerves  of  the  tendon ;  the  stimulus  originates  in  the 
muscle,  the  tendon  being  only  a  means  by  whicli  that  stimulation  is 
produced.  If  so,  is  not  the  contraction  itself  a  reflex  effect  Y  It  was 
suggested  by  two  of  the  earliest  investigators,  Tschirjew  and  Westphal, 
that  the  contraction  is  local  in  production,  due  to  the  influence  of  the 
stimulus  on  tbe  whole  of  the  muscular  fibres  when  they  are  rendered 
speciaUy  excitable  by  tbe  reflex  influence  of  the  tension  acting  through 
the  spinal  cord. 

A  reflex  action  takes  a  certain  time,  which  is  needed  for  the  impulse 
to  travel  to  and  from  the  cord,  and  for  the  reflex  process  to  occur  in 
the  centre.  According  to  received  physiological  data,  an  interval  of  at 
least  one  fifteenth  of  a  second  would  be  needed  for  the  knee-jerk  if  it 
were  a  reflex  process,  and  rather  more  for  the  movement  at  the  ankle. 
I  have  found  that  when  the  Achilles  tendon  or  the  front  of  the  leg  is 
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tftppeS,  tibe  resotting  oonfcraotioii  oocura  in  about  "088  nee.^  The 
interval  for  the  kaee-jerk  has  been  found  by  most  to  be  about  *<Mi 
or  *038  or  -022  sect  Ootch  found  it  to  be  025  sec,  and  that  between 
the  tap  on  the  tendon  and  a  trua  reflex  oontraction  of  the  opposite 
quadrieepa  to  be  *11  8eo.t 

But  it  is  certain  that  some  xeflex  prooess  is  eonoemed  in  the  pheno- 
mena. We  have  stiU  to  aooount  for  the  irritability  which  permits  the 
local  stimulua  to  cause  a  contraction.  This  irritability  is  dev^oped  b j 
passive  tension.  If  the  muscle  is  relaxed,  the  fibres  maj  contract  if 
they  are  struck  directly,  just  as  do  the  fibres  of  a  separated  frog's 
muscle,  but  no  oontraction  can  be  produced  by  striking  the  tendon. 
Hence  we  must  assume  that  the  tension  excites,  by  a  reflex  influence, 
a  state  of  irritahility  to  local  mechanical  stimulation, — such  as  that  of 
a  tap  on  the  muscle,  on  its  tendon,  or  even  the  Tibration  from  a  tap  on 
the  bone  or  on  adjacent  parts.  But  only  that  form  of  mechanical 
stimulation  is  effectLve  which  »uddenly  increases  the  previous  tension. 
It  ii  only  because  the  tap  on  the  tendon  does  this  so  readily  that  the 
tendon  is  the  means  by  which  the  contractions  are  most  easily  pro- 
duced, and  through  which  they  have  been  chiefly  studied  and  pre- 
maturely named.  If  the  tension  put  on  a  muscle  is  gentle  and  gradual, 
it  may  only  develop  the  irritability,  and  an  additional  local  stimulation 
is  necessary  to  produce  a  visible  contraction.  If,  however,  the  tmsion 
is  sudden  and  forcible,  it  not  only  develops  the  irritability,  but  pro- 
duces visible  contraction  in  the  muscle  thus  rendered  irritable — as  in 
setting  up  the  foot-donus.  I  have  shown  that  the  rekxation  of  the 
musde,  between  the  successive  contractions,  is  not  complete :  there 
is  persistent  residual  contraction,  t.  e.  a  tonic  contraction  on  which 
the  clonic  contractions  occur.  When  one  clonic  contraction  is  over,  the 
tension  continuing,  a  second  is  instantly  developed. 

The  production  of  the  clonus  seems  thus  to  depend  on  the  limited  dura- 
tion of  siogle  muscular  contractions  (such  as  are  obtained  by  a  single 
induction  shock§),  the  effect  of  sudden  tension  being  exerted  on  all 
the  filnrea  of  a  muscle  at  the  same  time.  In  the  state  of  excitability 
produced  by  the  moderate  tension  its  effect  on  the  relaxiog  fibres  is 

•  '  Med.-Chir.  Tram.,'  1879,  p.  292.  An  erroneoai  dittiiicfcion  between  the  nHtnre 
of  the  knee-jerk  and  foot-cloims  wm  niftde  in  this  paper. 

t  -089  sec  Barckhardt;  '032>-*034  lec.  Tschirjew ;  -04  eec.,  Brinsand  ;  "08— *04 
•ec..  Waller  I  '08  lec,  Ealenberg.  Some  of  my  own  measurenitMits  ('Med.-Chir. 
Trans.,'  1879,  p.  275)  gave  a  longer  interval  when  the  movemeut  of  the  foot  waa 
taken  aa  the  indicatinn  of  the  commencing  contraction.  **Load"  will  increaBe 
greatly  the  period  of  latent  itimulation,  probably  by  causing  the  initial  contraction 
to  expend  itself  on  the  elssticity  of  the  mosde.  The  mea-<ureinents  given  above 
were  obtained  by  recording  the  oommeneing  oontraction  of  the  muscle. 

X  *  Jonm.  of  Phys./  1896,  vol.  xx,  p.  822.  In  the  rabbit  he  found  the  interval 
for  the  tendon-contraction  to  be  only  '005  sec*  and  compares  this  with  Tigerstedt*s 
niessnrement  of  the  interval  when  the  nerve  is  stimulated  (*01  sec,  twice  as  great), 
and  eonclndet  that  the  contraction  can  only  be  direct. 

S  See  Foefcez^s  '  Physiology/  1888,  pt.  i,  p.  78. 
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tliat  of  a  fresh  stimulus,  and  thej  contract  again.  We  haye  no  facts  to 
suggest  that  such  serial  contractions  oould  each  be  produced  through 
a  reflex  mechanism. 

We  have  seen  that  the  afferent  nerves  of  muscles  are  espedallj 
excited  bj  tension  (see  p.  17).  If  there  were  reason  to  regard  each 
contraction  as  reflex  we  should  have  to  regard  these  nermes  as  the  seat 
of  the  excitation.  The  fiusts  on  all  relations  are  better  explained,  and 
some  pathological  facts  are  only  explained,  bj  the  assumption  that  the 
tension  causes  bj  reflex  action  this  irritability. 

It  seems,  therefore,  that  the  term  ''tendon-reflex"  is  altogether 
inaccurate.  The  phenomena  are,  according  to  the  explanation  aboTe 
given,  dependent  on  a  "  muscle-reflex  "  irritability,  which  has  nothing 
to  do  with  the  tendons.  If  each  contraction  is  reflex,  it  must  be 
generated  by  an  afferent  impulse  from  the  muscle-nerres,  not  from 
the  tendon-nerves.  This  fact  seems  conclusive  and  inevitable.  Hence 
if  we  wish  to  describe  them  by  a  general  term,  it  is  best  to  employ  one 
which  does  not  involve  any  special  theory  of  their  nature.  They  have 
been  termed  "  tendon-muscular  phenomena,"  but  the  interven^on  of 
tendons  is  not  necessaiy  for  their  production ;  the  one  condition  which 
all  have  in  common  is  that  passive  tension  is  essential  for  their  occur- 
rence, and  1  have  suggested*  that  they  be  termed  m^ofo^ic  contractions 
(r/»rifco$,  extended).  The  irritability  on  which  they  depend  is  due  to 
and  demonstrative  of  a  muscle-reflex  action  which  depends  on  the 
spinal  cord.  It  is  highly  probable,  as  Tschirjew  suggested,  that  the 
condition  on  which  the  myotatic  irritability  depends  is  identical  with 
muscular  "  tone."  Since  the  experiments  of  Heidenhain  it  has  been 
generally  admitted  that  ''  tone "  dependa  on  tension,  and  is  a  reflex 
process.t 

A  true  "tendon-reflex"  may  be  excited  by  pinching  the  tendon, 
but  this  is  a  start  of  the  whole  limb,  precisely  such  as  results  from  a 
pinch  of  the  skin.  It  is  an  instance  of  the  pain-reflex  described  above. 
The  importance  of  discarding  the  tendon-reflex  theory  (and  therefore 
the  name)  is  great,  for  it  prevents  the  comprehension  of  the  true  nature 
of  other  phenomena  of  great  importance.  Chloroform  first  increases 
and  then  abolishes  the  irritability;  in  ether  narcosis  (except  when 
extremely  deep)  it  is  increased :  %  asphyxia  has  a  similar  effect,  at  first 
increasing,  then  abolishing,  while  oxygen  simply  augments  the  excita- 

*  '  D:as;nosi8  of  Diseasei  of  the  Spinal  Cord/  2nd  edit.,  1881,  p.  29. 

t  By  some  interesting  rcsearclies  recently  published,  Mommsen  hae  reached  the 
same  (onclnsion,  that  muscular  tone  ie  dependent  on  a  muscle-reflex  action  excited 
by  tension  acting  on  the  sensory  mnscle-nerves  (*  Virchow's  Archiv/  Bd.  ex,  p.  22). 
The  view  given  above  has  been  rei-einly  advocated  by  Gotch  as  the  result  of  big 
experiment**  (*  jDum.  of  Physiology,'  1896),  and  is  indeed  now  geuei-ally  accepted 
by  phyniologiBts. 

X  *  Dinguosis  of  Diseases  of  the  Sjdnal  Cord/  1883,  p.  31;  observations  by 
Horsley. 
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bility.*    The  relatioii  of  these  contractioiiB  to  the  nerye-centres  wiD 
be  oonndered  in  connection  with  these. 

Paradtmeal  Muactdar  Confrach'on.— This  name  has  been  given  bj 
Westphal  f  to  a  slow  tonic  contraction  occurring  in  a  muscle  when  its 
attachments  are  suddenly  brought  nearer  in  some  morbid  states.  It 
is  best  seen  in  the  tibialis  anticus ;  if  the  foot  is  grasped,  and  passiyelj 
flexed  on  the  leg,  the  tibialis  anticus  contracts,  sometimes  after  an 
appreciable  interval;  its  tendon  stands  out,  and  the  contraction  keeps 
the  foot  flexed  for  a  time,  which  maj  be  some  minutes  (in  one  case  for 
twentj-seven) :  the  relaxation  is  slow.  Eepetition  lessens  the  con- 
traction. The  contraction  is  not  Toluntarj  (although  a  Yoluntarj 
contraction  may  simulate  it).  It  may  occur  on  one  side  only.  The 
contraction  produced  by  brief  f  aradism  may  be  similarly  prolonged  in 
the  same  case.  A  similar  contraction  may  be  observed  in  the  extensors 
of  the  toes,  sometimes  in  the  flexors  of  the  knee,  rarely  in  the  arm 
muscles.  It  seems  to  be  an  excessive  manifestation  of  a  physiological 
relation  by  which  suddenly  diminished  tension  increases  as  increased 
tension  lessens  the  activity  of  the  motor  centres.  Tension  stimulates  the 
afferent  nerves,  and  the  relaxation  of  the  opponents  of  a  contracting 
muscle  during  movement  seems  to  be  thus  produced,  as  is  made 
probable  by  the  absence  of  descent  of  the  upper  lid  in  palsy  of  the 
inferior  rectus.  {  Sherrington  has  shown  that  if  the  nerve  to  a  muscle 
is  cut  and  its  central  end  stimulated  the  opponents  relax. §  Con- 
Tersely  we  can  understand  that  diminished  tension  may  induce  over- 
action.  It  seems  to  be  an  excess  of  the  contraction  by  which  a  muscle 
adapts  itself  to  passive  shortening  of  its  course.  In  the  cases  that  have 
presented  this  phenomenon  there  has  been  no  muscular  rigidity,  and 
no  great  excess  (even  sometimes  a  loss)  of  the  myotatic  irritability. 
It  may  occur  in  the  early  stage  of  tabes,  and  in  some  other  affections, 
but  its  significance  is  not  known.  A  phenomenon  somewhat  similar 
occurs  in  hysteria  (Fere) ;  it  seems,  indeed,  but  an  isolated  and  imper- 
fect instance  of  the  condition  that»  when  universal  and  perfect,  consti« 
tutes  ihe  flexil/Uiiiu  cerea  of  catalepsy,  t.  e,  an  unrestrained  spinal  reflex 
process  in  the  centres  concerned  in  the  states  of  the  muscles. 

Chakoes  uf  NuTsmoN. — ^The  nutrition  of  all  the  tissue  elements  is 
largely  under  the  influence  of  the  nervous  system.  Whether  this 
influence  is  exerted  through  special  "trophic"  nerves,  or  thiough 
the  motor,  the  sensory,  and  especially  through  the  vaso-motor  nerves, 
is  a  question  that  has  been  much  discussed  in  the  past.  The  balance 
of  evidence  is  against  the  existence  of  special  trophic  nerves  or  centres. 
The  fact  regarding  these  changes  that  is  clearest  and  most  important  is 

•  RUien  KosieU  (*  Proe.  Boj.  8oc.,*  vol  Uii,  p.  480). 

t  « Arch,  f .  Pdjch.,'  Bd.  z,  p.  24B. 

X  Seo  the  Author, '  Med.*Cbir.  Trani.^'  1879. 

I  •  Brit.  Med.  Jonrn.,'  1803. 
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ibat  MvAe  disimvbuioe  of  nuferitioii  is  the  result  of  indtAtrre  chMiges 
in  the  nutrition  of  the  nerves,  sad  is  in  proportion  to  tke  iiKtonsitj 
of  that  irritation*  If  a  thread  is  passed  through  each  sciatic  nerTe» 
and  one  is  also  irritated  by  the  application,  from  time  to  tim^  of  irritant 
liquids,  trophic  changes  occur  in  that  limb  with  greater  rapidity  and 
far  greater  intensity  than  in  the  other  (Lewaschew). 

The  same  fact  is  frequently  indicated  by  the  extreme  readiness  with 
which  trophic  lesions  of  the  skin,  and  even  cellular  tissue,  occur  in 
certain  forms  of  inflammation  of  the  spinal  cord,  especially  in  those 
tliat  have  a  strong  tendency  to  spread  in  the  cord,  and  to  the  nerves, 
if  they  reach  the  centres  of  them.  The  only  apparent  explanation 
of  the  various  facts  is  that  the  nerve-endings  are  related  to  the 
tissues  in  such  a  way  that  the  nutrition  of  the  molecules  of  the  tissues 
is  determined  in  its  character  by  that  of  the  nerves.  The  process  of 
irritation  descends  the  nerves ;  it  passes  from  them  to  the  tissues,  and 
extends  to  all  that  are  in  continuity.  Thus  we  can  understand  equally 
the  acute  changes  in  the  muscles,  which  will  be  described  as  resulting 
from  disease  of  the  motor  nerves,  and  also  those  in  the  skin  and  other 
tissues  that  are  under  the  influence  of  the  sensory  fibres. 

NtUritive  ohmges  in  ih^  ekin  are  easily  recognised,  but  they  diffei 
much  in  their  character  according  to  their  acuteness.  When  they  axe 
rapid,  and  due  to  very  acute  irritation  of  the  nerves  or  the  spinal  cord« 
such  as  those  just  mentioned,  the  temperatxire  of  the  limb  is  raised, 
the  vessels  readily  dilate,  and  remain  dilated  for  a  long  time,  buUie 
form,  containing  a  dark-coloured  liquid,  and  slight  pressure  occasions  a 
slough.  These  changes  sometimes  seem  to  occur  spontaneously,  but  ars 
more  often  excited  by  some  cutaneous  irritation,  and  very  sHght  irri- 
tation of  the  sldn  will  suffice  to  produce  them.  Trifling  pressure  will 
set  up  a  slough,  and  ext^asive  vesication  may  result  from  the  applica- 
tion of  a  hot-water  bottle  that  is  not  more  than  pleasantly  warm  to  a 
healthy  hand.  When  the  nerve  irritation  is  intense,  effusion  may 
occur  into  the  joints. 

In  the  case  of  the  fifth  nerve,  acute  trophic  changes  occur  in  the 
eyeball,  chiefly  when  the  disease  involves  the  Gtasserian  ganglion,  or 
the  nerve  in  front  of  it.  To  produce  the  same  effect,  a  lesion  behind 
the  ganglion  has  to  be  more  irritating  than  one  in  front  of  it,  and 
a  similar  relation  obtains  in  the  case  of  the  spinal  nerves  and  the 
spinal  ganglia.  The  cells  of  the  ganglia  govern  the  nutrition  of 
their  processes  in  each  direction,  t.  e.  of  die  whole  neuron,  and  we  cau 
understand  that  they  have  some  power  of  hindering  the  propagatioo 
of  irritative  changes*  while,  if  these  invade  the  ganglion,  they  pass 
thence  with  special  energy.  Very  intense  changes  in  nutrition 
may  thus  pass  to  the  skin  in  acute  inflammation  of  the  spinal  cord. 

The  alterations  in  nutrition  in  chronic  lesions  (which  have  been 
carefully  studied  by  Paget  and  Weir  Mitchell)  differ  considerably  from 
those  that  result  from  acute  irritation.  There  is  a  slow  change  in  the 
nutrition  of  the  skin,  which  becomes  red,  thin,  and  shiny — ^the  "  glossy 
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ikin**  of  PfeLget  ThB  subotitancKnu  tissue  bIm  imsteB,  bo  tliat  the 
isger  t^  become  pointed.  The  gnywth  of  the  hair  and  naQs  tB 
altered,  a&d  the  latter  beoome  hrilile.  The  bones  maj  Bufier  in  fheir 
ntitrition,  and  maj  break  mord  easily  than  in  health.  If  the  lesion 
ooeors  during  the  period  of  growth,  this  is  retarded.*  ^ese  changes 
seem  to  depend  on  slower  change  in  the  nutrition  and  yitality  of  the 
tissue  elements  corresponding  to  a  slower  change  in  that  of  &e  nerres, 
an  atrophy  mther  than  a  degeneration.t 

The  mnaetes  suffer  from  lesions  of  the  motor  nerres ;  the  minute 
changes  are  described  with  the  latter.  At  first  there  may  be  merely 
fiabbiness,  and  an  appearance  of  wasting  that  is  not  confirmed  \yf 
measurement,  but  there  is  soon  an  actual  diminution  in  the  circum- 
ference of  the  limb.  In  extreme  cases  all  the  muscular  tissue  dia* 
appears,  and  the  eontonr  of  the  limb  is  considerably  changed.  In 
aomparing  the  size  of  the  limbs  on  the  two  sides  it  should  be 
remembered  that  the  Hmbs  on  the  right  side  are  normally  some* 
what  larger  tiian  those  on  the  left  side,  and  that  the  difference 
Taries  according  to  the  occupation  of  the  individual,  and  the  degree 
in  which  this  involyes  a  greater  use  of  the  limbs  on  one  side. 
In  measuring,  great  care  is  necessary  to  secure,  as  nearly  as  poB- 
able,  the  same  conditions  on  each  side,  both  as  regards  the  state  of 
iKe  muscles  and  the  plaoe  of  measurement.  It  is  best,  wherever 
fossible,  to  take  the  maximum  measurement  in  each  p.irt,  rather  than 
to  attempt  to  make  the  measurement  in  the  same  place.  In  the  calf 
the  maximum  drcumferenoe  should  always  be  taken.  In  the  thigh 
accurate  measurement  is  extremely  difficult,  because  a  maximum 
cannot  be  taken.  We  may  endeavour  to  measure  at  the  same  point 
in  the  tbigh  at  the  same  distance  from  the  condyles,  but  it  is  vexy  diffi« 
eolt  to  be  exact,  and  a  more  accurate  comparison  can  often  be  mads 
by  taking  the  Twiniwinni  circumference  above  the  knee,  in  spite  of  the 
&ct  that  the  muscular  tissue  there  is  small,  and  the  difference  less  than 
it  is  elsewhere.  In  the  forearm  the  best  result  is  obtained  by  taking 
the  TWiLTiTmnn  measurement  around  the  muscular  prominence  below 
the  elbow,  over  the  supinator  longus.  In  tha  upper  arm,  the  circum- 
ference  is  nearly  the  same  in  the  middle  third,  and  the  measure- 
ment may  be  made  halfway  with  little  risk  of  error.  In  all  cases  care 
must  be  taken  to  draw  the  tape  equally  tight  at  each  place.  It  is 
easier  to  do  this  with  a  flexible  steel  measure  than  with  an  ordinaiy 
tap3  measure.  Exactness  is  best  secured  by  having  a  spring  at  one 
extremity  of  the  tape  with  an  index  that  will  show  the  tension. 

ElioricaXi  IB&ITA.BILITT. — ^Tho  nerves  and  musdes  are  excitable 
by  eleotrieity,  and  the  excitaUlity  is  changed  by  disease,  of  which  tha 

*  Bat  the  tobject  of  hindrance  to  growth  It  complex,  and  ttill  not  clear.  See 
0ie  aocoant  of  infantile  piiTaljslt. 

t  Cf.  Marinceeo  on  dogenention  and  atrophy  ("La  Theorle  dee  Neatonai," 
•PNmM«L,'16M). 
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change  !■  often  an  important  symptom.  It  indicates  the  state  ol 
nutrition  of  the  nerre-fibies  and  muscles,  and  from  this  wb  can  often 
draw  important  inferences  regarding  the  condition  of  the  centres. 

In  the  normal  state  nerre-fibies  are  stimulated  bj  either  theindnoed 
or  the  voltaic  current,  the  stimulation  of  the  motor  nerves  being  shown 
by  contraction  in  the  muscles  supplied  by  them,  that  of  the  sensory 
nerves  by  the  sensation  that  is  caused.  The  contraction  of  the 
muscles  is  continuous  when  the  &radic  conent  is  applied,  but  il  the 
isolated  shocks  of  which  the  current  consists  are  separatelj  passed, 
each  causes  a  brief,  momentary  contraction.  When  the  Toltaic  current 
is  applied,  contraction  occurs,  with  a  eoxrent  of  moderate  strength, 
only  when  the  strength  of  the  current  is  changed,  and  chieflj  when  the 
current  commences  or  ceases  to  pass,  i.  e.  when  the  circuit  is  "made'* 
or  "broken.*'  The  stimulation  of  the  sensory  nerves  is  greatest  at 
those  times,  but  occurs  also,  in  a  slighter  degree,  during  the  whole 
time  that  the  Toltaic  current  is  passing.  Hence  this  is  probablj 
the  case  also  in  the  motor  nerves,  although  the  stimulation  is  too 
feeble  to  produce  a  contraction  in  health  with  a  strength  of  current 
that  can  be  borne.  In  proportion  as  the  nutrition  of  the  nerve-fibres 
is  impaired,  their  excitability  is  lowered,  and  a  stronger  current  of  each 
kind  is  required  to  ezdte  them  and  cause  contraction  in  the  muscles 
thej  supply.  When  their  nutrition  is  much  impaired — t.  e.  when  the 
fibres  are  "  degenerated  "—no  contraction  can  be  obtained  even  with 
the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple,  because 
in  them  there  are  two  excitable  structures — ^the  terminal  branches  of 
the  nerves,  and  the  musculair  fibres  themselves.  Of  these  the  nerve- 
fibres  are  the  more  sensitive  to  faradism,  and  the  faradic  stimula- 
tion of  a  muscle,  under  normal  circumstances,  is  by  means  of  these 
motor  nerve-endings.  Thus  we  find  that  its  excitability  corresponds  in 
degree  to  that  of  the  motor  nerve  supplying  it.  The  muscolar  fibres 
themselves  are,  eren  in  the  normal  state,  less  sensitive  to  faradism 
than  the  nerve,  apparently  because  they  are  incapable  of  ready  response 
to  a  stimulus  so  very  short  in  duration  as  are  the  shocks  of  which  the 
faradic  "current"  consists.  Theproof  of  this  consists  in  the  fact  that 
under  the  influence  of  curara,  which  removes  the  excitability  of  the 
terminations  of  the  motor  nerves,  the  muscle  requires  a  stronger  &radio 
current  to  stimulate  it  than  in  the  normal  state.  But  under  tLe 
influence  of  curara,  or  when  the  nerve  is  degenerated,  the  slowly  inter- 
rupted voltaic  current  stimulates  the  muscle  as  readily  as  in  the  normal 
state ;  a  contraction  occurs  when  the  circuit  is  completed  or  broken — 
(dower  than  that  which  occurs  when  the  nerve-fibres  are  intact,  and 
due  to  the  stimulation  of  the  protoplasm  of  the  muscular  fibres  them- 
selves. The  fact  that,  under  normal  drcumstanoes,  the  contraction 
which  is  caused  by  the  voltaic  current  is  as  quick  as  that  produced  by 
the  faradic  shock,  is  ground  for  believing  that,  in  health,  the  voltaic  as 
well  as  the  faradic  current  causes  the  muscle  to  contract  by  exciting 
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• 
the  motor  nenre-endings.  Wlien  the  motor  nerve  is  degenerated*  and 
will  not  respond  to  faradic  or  Toltaic  stimulation,  the  application  of 
the  former  to  the  muscle  ceases  to  cause  contraction.  Apparently,  the 
nenre-degeneration  is  accompanied  by  changes  in  the  nutrition  of  the 
muscular  fibre,  bj  which  anj  power  of  response  to  faradism,  which  it 
possessed  in  the  normal  state,  is  lost.  But  not  only  does  the  response 
to  the  Toltaic  current  remain ;  it  becomes  more  ready  than  in  health, 
doubtless  in  consequence  of  nutritiye  changes  just  mentioned.  More- 
oTer  there  may  often  be  obserred  a  change  in  the  readiness  of  response 
to  the  two  poles  of  the  voltaic  current — a  "  qualitatiye  '*  change,  as  it 
is  termed.  In  health,  the  first  contraction  to  occur,  on  gradually 
increasing  the  strength  of  the  current,  is  at  the  negative  pole  when 
the  circuit  is  closed,  and  a  stronger  current  is  required  before  dosure- 
contraction  occurs  at  the  positive  pole.  But,  in  the  morbid  state  we 
are  considering,  closure-contraction  may  occur  at  the  positive  pole  as 
readily  as  at  the  negative,  or  even  more  readily, — and  contractions, 
when  the  circuit  is  broken,  occur  far  more  readily  than  in  the  normal 
state.  This  oondition,  then — ^faradic  irritability  lost,  voltaic  irritability 
increased  and  often  changed  in  quality — ^is  termed  the  "  degenerative 
reaction,"  because  it  occurs  when  the  nerve-fibres  are  degenerated ;  it 
we  test  them  we  shall  find  no  response  to  any  stimulus,  voltaic  or 
&radic.  It  thus  indicates  loss  of  excitability  in  the  motor  nerves 
within  the  muscles,  or  a  change  in  their  endings  on  the  fibres,  by 
which  these  cannot  be  excited,  either  by  electricity  or  by  nerve-impulses, 
in  the  fibres.  It  occurs  when  the  latter  has  been  produced  by  some 
toxic  agent,  or  the  fibres  also  are  degenerated  in  consequence  of  their 
damage  between  the  muscle  and  the  ganglion  cells  of  the  cord  of  which 
they  are  part,  or  destruction  of  the  cells. 

But  the  motor  nerve-cells  and  fibres  often  undergo  changes  in 
nutntion  of  a  much  more  chronic  character.  In  this  condition  the 
excitability  of  the  fibres  is  lessened  gradually  and  slowly.  The  irrita- 
bility of  the  intra-muscular  nerve-endings  is  lowered  in  the  same  degree 
as  that  of  the  nerve-trunks,  and  we  have  a  similar  diminution  to  both 
fsradism  and  voltaism.  The  nutrition  of  the  muscular  fibres  is 
slowly,  gradually  impaired;  and  when  the  nerve-fibres  are  much 
affected  the  muscular  fibres  are  also  There  is  no  stage  in  which 
the  nerve-fibre  excitability  is  lost,  and  the  muscle-fibre  excitability 
retained ;  hence  there  is  no  condition  of  lost  faradic  and  increased 
voltaic  excitability  such  as  characterises  the  degenerative  reaction 
just  described.  Excitability  is  changed  to  the  one  form  of  stimulus 
just  as  to  the  other. 

Between  these  two  forms  there  are  intermediate  conditions.  For 
instance,  the  nerves  may  present  normal  irritability,  while  in  the 
muscle  there  is  often  increased  voltaic  excitability  and  a  changed 
order  of  polar  reaction.  In  these  cases  some  nerve-fibres  are  degene- 
rated, and  lead  to  the  increased  excitability  of  some  muscular  fibres. 
In  both  nerve  and  muscle  the  character  of  the  reaction  is  manifested 


82  SYMPTOMS. 

by  the  more  excitable  etmetores ;  hence  it  is  nonnal  in  the  nerve  anJ 
altered  in  the  muscle — ^this  has  been  termed  bj  Erb  the  "  middle  form 
of  degeneratiTe  reaction,"  It  is  more  accurate  to  call  it  the  "  miiad 
form." 

Another  common  intermediate  form  is  due  to  the  degeneration  of 
the  nerves,  although  slow,  being  less  slow  than  in  the  condition 
described  above.  Hence  the  nutrition  of  the  muscular  tissue  and  its 
excitability  (by  voltaism)  persist  longer  than  those  of  the  nerves,  and 
although  lowered,  are  diminished  less  than  the  faradic  excitabOitj  of 
the  nerves  at  each  stage.  When  the  latter  is  lost,  Toltaism  will  still 
cause  a  slight  contraction  in  the  muscles,  which  may  occur  first  at  the 
anode  instead  of  the  cathode.  Every  gradation,  moreover,  is  met  with 
between  this  and  the  true  reaction  of  degeneration.  This  will  be 
intelligible  on  consideration.  It  depends  chiefly  on  the  rate  at  which 
the  nerves  degeni^rate. 

The  lowered  excitability  of  the  nerves,  due  to  degeneration,  is  often 
preceded  by  a  slight  increase  of  irritability,  very  transient  when  the 
degeneration  is  acute,  of  longer  duration  when  the  degeneration  is  of 
the  slower  variety  j  ust  noticed.  In  some  morbid  states,  again,  in  which 
the  change  of  nutrition  in  the  cells  and  fibres  is  extremely  slight,  an 
increase  may  alone  be  discovered.  I  have  found  such  an  increase,  for 
instance,  in  diseases  regarded  as  functional,  as  paralysis  agitans  and 
chorea,  and  it  is  an  interesting  proof  of  the  molecular  changes  which 
underlie,  or  result  from,  so-called  "  functional "  maladies. 

The  various  changes  in  irritability  were  formerly  thought  to  indicate 
the  existence,  and  various  affection,  of  separate  centres  for  the  nutri- 
tion of  the  nerves  and  muscles,  apart  from,  though  acting  through,  the 
motor  nerve-cells.  Remembering  that  the  fibres  of  the  nerves  and 
muscles  sufEer  in  different  degrees,  as  above  described,  the  phenomena 
may  all  be  explained  on  the  simpler  principle  stated,  without  the 
assumption  of  these  special  centres,  of  tJie  existence  of  which  there  is, 
indeed,  no  evidence.  Special  trophic  nerves  and  centres  for  muscular 
nutrition  have  quietly  disappeared  from  physiology,  and  are  now  only 
matters  of  interest  to  the  student  of  its  histoiy,  and  to  those  whose 
memories  reach  further  than  two  decades. 

It  is,  however,  important  to  remember  that  such  alterations  in 
nutrition  and  excitability  as  occur  in  the  whole  course  of  the  motor 
fibres  when  the  cells  are  afEected  (of  which  they  are  the  prolonged 
processes)  may  have  a  different  origin  at  the  periphery.  They  an 
the  same  in  "  degenerative  peripheral  neuritis,"  which  begins  in  the 
extremities  of  the  fibres  (where  vital  resistance  is  least  in  oonseqaenoe 
of  distance  from  the  cell  body),  and  extend  for  a  variable  distance 
upwards.  But  this  condition  is  seldom,  if  ever,  so  slow  as  to  permit 
the  equal  loss  of  nerve  and  muscle  excitability  met  with  in  the  central 
degenerations. 
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THE  MU80LES:    THEIR  AOTION  AND 
PARALYSIS. 

DzBUSB  of  file  motor  nenroxis  system  is  largely  manifested  by  loss 
of  muscular  action.  Individxukl  muscles*  as  well  as  groups  of  muscles, 
axe  often  sepaiatdy  affected.  Hence  it  is  desirable  to  consider  the 
symptoms  of  the  paralysis  of  the  more  important  muades,  before  we 
enter  on  the  study  of  special  diseases. 

The  symptom  of  the  palsy  of  any  musde  is  a  loss  of  its  normal 
action,  and  a  knowledge  of  this  action  is  essential  for  the  comprehen- 
sion of  those  symptoms.  The  two  must  therefore  be  considered 
together.  Thej  are  positive  and  negatiye  aspects  of  the  same  facts. 
It  may  be  well,  at  the  same  time,  to  mention  the  nerve  by  which  each 
musde  is  supplied,  and  also  the  spinal  roots  from  which  the  fibres 
come.  These  cannot  be  ascertained  by  dissection.  Of  the  several 
roots  that  join  to  form  the  cord  of  the  plexus  from  which  the  nerves 
to  two  muscles  come,  fibres  from  all  may  pass  into  one  nerve,  and 
from  only  one  or  two  of  the  roots  into  another.  The  facts  have  been 
learned  from  experiment  and  the  effects  of  disease  and  injury.  Their 
practical  importance  is  great. 

The  action  of  muscles  is  threefold.  (1)  By  their  tonic  contraction 
they  maintain  the  parts  in  a  certain  posture,  independently  of  volun* 
tary  effort.  By  actual  contraction  they  (2)  produce  certain  move- 
ments, and  also  (8)  oppose  the  action  ot  other  muscles  by  a  feebler 
contraction,  and  thus  steady  the  movement  that  results. 

The  complex  way  in  which  muscles  act  together,  and  modify  each 
other's  effect,  renders  the  subject  a  very  large  one.  Here  only  an 
outline  can  be  given  of  the  more  salient  facts  concerning  the  most 
important  muscles.  The  reader  who  desires  to  pursue  the  subject 
further  can  do  so  in  the  *  Fhysiologie  des  Mouvements'  of  Duchenne, 
whose  investigations  by  means  of  &uradism  and  his  observations  on 
disease  were  so  careful  and  so  extensive  as  to  leave  little  but  confirmation 
to  subsequent  workers. 

In  the  following  account  the  nerve  that  gives  the  branch  to  the 
muscle  IB  first  given,  and  then  the  number  of  the  nerve-root  or  roots — 
(C)ervical,  (D)or8al,  or  (L)umbar— from  which  the  nerve-fibres  come. 

Sfwouju  Thoraoxo  Musclbb. 

The  DiAPRSAGX  (C  4  ohiefly,  phrenio  nerves),  although  a  doable  mmscle  with 
Vwo  nerves,  habitually  acts  at  a  whole,  the  two  halves  oontraoting  sironltaneoiuly 
and  dimiDiehing  eaeh  lateral  enrve  of  the  arefa.  The  central  tendon  deseenda 
bat  littlOi  The  abdominal  vitoera  are  depreaeed,  sod  the  parietea  proirmded. 
If  the  hand  ia  placed  beneath  the  ribs,  the  deaoent  of  the  visoera  bensath  the 
di^himgm  can  be  felt  When  the  diaphragm  oontracta  alone^  as  when  the 
tntersoetala  are  paralysed,  or  the  phrenio  nerve  ia  faradiaad,  the  ribs  to  whioh 
VOL.  I.  8 
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the  miuole  u  attacbed  are  tllghtlj  raised  daring  its  action,  and  this  elevation 
causes  a  slight  expansion  of  the  thorax.  In  ordinary  breathing  this  expansion 
is  lost  in  the  action  of  the  interooetals.  In  paralysis  the  inspiratory  protrusion 
of  the  upper  part  of  the  abdomen  is  lost ;  it  even  recedes  daring  inspiration 
instead  of  advancing,  and  a  descent  of  the  viscera  can  no  longer  be  felt  by  the  hand. 
There  often  results  an  alternation  in  the  reepiratoxy  movements  of  the  thorax 
and  abdomen,  retraction  of  the  one  corresponding  to  protrusion  of  the  other. 

9tbbno.ma8toid  (spinal  accessory  nerve  C.  2—5  or  6,  also  branches  from  nppei 
tervioal  plexus),  passing  from  the  atemum  and  adjacent  part  of  the  clavicle  to 
the  mastoid  process,  inclines  the  head  towards,  and  rotates  the  face  from,  the 
side  on  which  the  muscle  contracts.  Both  muscles  together  support  the  head  in 
the  vertical  position,  and  if  it  is  bent  back,  they  bring  it  forwards  into,  but  not 
beyond  this  position.  Paralysis  of  one  muscle  has  no  influence  on  the  position 
of  the  head,  and  but  little  on  its  movements.  Other  muscles  supplement  the 
loss.  There  is  no  such  thing  as  a  ''paralytic  torticollis."  In  palsy  of  both 
muscles  the  head  can  be  balanced  in  the  vertical  position,  but  if  it  falU  back  it 
oan  be  brought  forward  only  with  great  difficulty.  Each  stemo-mastoid  is 
associated  in  action  with  the  muscles  of  the  other  side;  it  is  a  '^  oontra-lateral 
muscle."  For  instance,  in  using  the  right  arm,  the  head  is  turned  to  the  right 
by  the  left  stemo-mastoid.    This  association  is  sometimes  reproduced  in  disease. 

Mttsclis  hotiko  thb  XTpfsb  Lzxbs. 

MUSOLXS    HOTZNG    THB    SCAPULA    AND    ShOULDBB- JOINT. — ^Thc   IVopesillt 

spinal  aMSssoxy  (C.  2  to  6,  whether  also  the  lowest  C.  and  upper  D.  is  doubtful)* 
consists  of  three  parts.  The  first,  from  the  occipital  bone  to  the  outer  end  of 
th«  olaTiole»  is  rarely  used  except  in  breathing  (respiratory  portion— Duohenne). 


\ 


n     i 


Fio.  5. — Pmalysis  and  wasting  of  tn* 
pezios;  alteration  in  contour  of 
shoulder  at  rest. 


Fie.    6.— Ditto  when  the 

raised  (the  right  one  being  aided 
by  another  person). 


Tlie  second  part  is  that  which  passes  from  the  lig.  nnchse,  lowest  cervical,  and 
upper  three  dorsal  spines,  downwards  and  outwards  to  the  acromion  and  outer 

*  Anatomists  now  believe  that  the  twigs  from  these  nerves  only  pass  throu^^h  the 
mascle,  and  that  it  is  wholly  supplied  by  the  spinal  accessory.  This  agrees  with  the 
fact  that  its  action  is  chiefly  with  the  arm. 
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part  of  tli0  tpine  of  the  wapak.  The  lowest  part  pameB  from  the  dorsal  apiiiei 
helow  the  third,  outwards  and  partlj  upwards,  to  the  inner  half  and  base  of  the 
■pine  of  the  scapula.  The  second  part  is  the  chief  elevator  of  the  soapula  and 
shoulder.  With  the  third  part  it  brings  the  scapula  towards  the  spine,  and  pats 
the  shoulder  baek.  Both  paita  tend  to  rotate  the  scapular— aoromion  up,  lower 
angle  out.  By  this  rotation  the  arm  is  carried  ahoye  the  horiiontal  leyel  to 
which  the  deltoid  raises  it.  Fiiralysis  of  the  highest  part  has  little  influenoe  on 
the  morement  of  the  scapula,  but  causes  a  change  in  the  contour  of  the  neok 
(Fig.  5)  especiallj  conspicuous  on  deep  inspiration.  The  change  in  the  shape 
of  the  neck  is  yeiy  great,  when  the  arms  are  raised,  if  the  whole  trapesins  is 
wasted  (Fig.  6).  In  palsy  of  the  middle  part  the  elevation  of  the  shoulder  is 
imperfect ;  in  that  of  the  third  part  the  scapula  is  farther  from  the  spine  than 
normaL  In  palsy  of  all  parts  the  scapula  beoomea  rotated  (aci-ouiion  down, 
inferior  angle  in)  by  the  weight  of  the  arm  and  the 
eontraction  of  the  opponents  (Fig.  7).  The  rotation 
may  mask  the  displacement  outwards,  due  to  the 
pamlysis  of  the  lowest  part.  If  the  clavicular  part 
remains,  there  may  be  no  rotation,  but  the  scapula 
b  lower  than  normaL 

The  Bhomboid§  (a  nenre  that  passes  through  the 
Malenue— 0.  4  and  6)  fint  rotate  the  scapula  on  the 
outer  angle, '  moving  the  lower  angle  inwards,  and 
then  move  the  whole  scapula  upwards  and  inwards. 
In  strong  elevation  they  aid  the  trapezius,  which 
prevents  the  rotation  of  tlie  scapula.  The  rotatoiy 
action  aids  forcible  depreesion  of  the  raised  arm. 
The  muscles  also  fix  the  scapula  for  the  action  of  the 
teres  major.  Their  tone  helps  to  keep  the  scapula 
against  the  thorax  (oppoeing  the  pectoralis)  and  in 
its  vertical  poeition  (opposing  the  serratus),  and 
hence,  in  paralysis,  the  edge  of  the  scapula,  at  rest, 
stands  oot  a  little,  leaving  a  furrow,  and  the  scapula  is 
slightly  rotated  (lower  angle  out).  Movement  is  but 
little  interfered  with  by  the  pmlysis  of  the  rhomboids; 
but  the  movement  backwards  of  the  raised  arm  by 
the  teres  and  deltoid  is  feeble  for  want  of  the  fixation 
of  the  scapula. 

The  Levator  anguU  eeoptilsB  (direct  branchee  from  C.  8  and  4  or  6)  first  lotatia 
the  acapnia  on  the  outer  angle  and  then  raises  it  Th»  musde  is  usually 
paralysed  with  the  trapeiius,  and  then  the  scapula  falls,  but  the  special  efiEeot 
of  its  palsy  is  lost  in  that  of  the  trapesins.  If  the  levator  is  preserved,  and  the 
trapeuns  paralysed,  there  is  great  rotation  of  the  scapula,  which  is^  as  it  were, 
suspended  by  its  inner  angle  (Fig.  7). 

SemUut  moffnua  (posterior  thoracic  nerve — C.5  and  6)  carries  the  scapula 
outwards,  forwards,  and  slightly  upwards  when  the  arm  is  put  forwards.  It 
tends  to  rotate  the  scapula  on  the  inner  angle  (scromion  up),  the  lower  fibres 
most  powerfully,  but  this  rotation  is  prevented  by  the  rhomboids  and  levator 
angulL  It  does  not  raise  the  shoulder  when  the  arm  is  hanging.  It  helps  to 
fix  the  scapula  when  the  posterior  fibres  of  the  deltoid  move  the  raised  arm 
back.  If  the  scapula  is  fixed  by  the  rhomboids^  the  serratus  can  act  on  the 
ribs,  and  aid  forced  inspiration.  It  has  most  inspiratoxy  effect  when  the  arms 
are  elevated.    In  paralysis  there  may  be  little  change  in  the  position  of  the 


Fxe.  7.  — Ftoalysis  and 
wasting  of  deltoid  and 
trapeaiusi  rotation  of 
seapnls,  horn  weight  of 
arm,  in  couBequenoe  of 
the  paralysis  of  the  tra* 
peiiiis;  progrsislve  mne* 
eolar  atrophy. 
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■capula  ftt  rest,  ^ui  ofUn  theiM  h  riight  lotation  (Uwev  uigle  in)  from  ik$ 
ii]iq>po8ed  tone  of  the  rhomboidii.  When  th*  «rm  k  BiOY<ed  lonrftrds  bj  tbt 
aaterior  pari  ei  the  deltoid,  the  soapab,  bo  longer  held  agaiast  the  thorax  and 
moved  forwards  hj  the  •erratus,  ia  rotated  ••  ite  r«rtiea)  azia  bj  the  aetien  of 
the  anterior  part  of  the  deltoid  on  the  hamemi,  and  of  the  middle  part  on  the 
teapahu  Thas  the  poeteiior  edge  reoedea  from  the  thorax,  tearing  a  groore 
into  whieh  the  hand  can  tometimea  be  placed  (Fig.  9^  The  eeapala  ii  at  the 
same  time  rotated,  lower  angie  inwards  and  npwarda.  fileratioa  of  the  arm 
abore  the  level  of  the  shoulder  is  much  weakened,  but  can  be  imperfectly 
eiftscted  bj  the  middle  part  of  the  trapesins.  Loss  of  the  serratns  weakens 
other  movements,  but  does  not  abolish  anj.  Inspiratory  expansion  of  the  thorax, 
when  the  arn»  are  raised,  is  distinctly  less  on  the  pai-alysed  side  (Poore). 


.^- 


Fie.  8.— Paralysis  of  the  serratus  onagnns}  FiCk  d.--Pairaly8ii  of  right  dettoidi  sle* 
erenioii  and  mtition  of  soapula  when  vatiou  o^'  shoalder  by  trapesias  oa  an 
thtt  nriD  it  pat  forw»rdi.  attempt  to    raise    the    arm.   which  is 

■lightly  abducted  by  the  supraspiuatas. 

The  Deltoid  (circumflex  nerve,  from  the  brachial  plexus  posterior  oord — C.4 
and  5)  ahductn  the  humerus,  the  anterior  and  poRterior  fibres  also  moving  the  arm 
forwaixls  and  backwai'ds  respectively.  The  arm  is  raised  lesst  by  the  posterior, 
and  most  by  the  anterior  fibres,  but  even  the  latter  only  elevate  it  to  a  right 
angle  with  the  trunk.  Hence,  if  raised  by  the  anterior  fibres,  and  then  moved 
back  by  the  posterior,  it  is  at  the  same  time  depressed.  Elevation  above  a 
right  an«^le  is  by  rotation  of  the  scapula  (trapezius  and  serratus).  These 
muscles  also  fix  the  scapula  For  the  deltoid,  preventing  the  rotation  (acromion 
down,  lower  angle  in)  that  the  deltoid  acting  alone  would  cause.  In  paralysis, 
abduction  of  the  arm,  direct,  forwards,  and  backwards,  is  almost  lost.  All  the 
abduction  that  remains  is  a  trifling  movement  by  the  supraspinatus.  An 
attempt  to  abduct  v^sults  in  rotation  of  the  scapula  and  elevation  of  the 
shoulder  (Fig.  9)  from  an  excessive  innervation  of  the  associated  trapezius  and 
serratus,  which,  as  we  have  seen,  fix  the  scapula  when  the  deltoid  acts.  Para- 
lysis of  single  parts  of  the  deltoid  causes  loss  of  the  corresponding  movements 
of  the  arm,  but  if  the  middle  pai-t  only  is  paralysed,  there  is  still  a  limited 
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fcMPtr  of  ^inedb  ftMoction  by  tii«  eoajoined  eontrMtion  of  tbe  anterior  aod 
firwlerior  fMurti,  tided  hj  the  et^muipinatiu. 

The  Suprmipinahii  (eapcMcapiiler  nerre— C.4  and  6)  abdnctR  the  arm, 
aevee  it  fomwdsi  attd  rotatee  it  io.  It  that  aids  tht  deltoid.  leokted  para- 
Jthib  of  the  Miprafi|MiiaAnB  has  little  inflaenee  on  movement  or  poaitioa ;  hat  if 
the  deltoid  it  aleo  yandjeed*  the  head  of  the  humerus  falls  away  from  the 
aeroraiott  lar  more  than  when  the  deltoid  is  paralysed  alone. 

The  Jn/rosptna^  (suprascapnlar  nerve— C.  4  and  5)  rotates  the  hnmems 
outwards,  and  in  paralysis  this  movement  is  lost.  A  di£Soulty  in  writing  is 
produced,  the  movement  along  the  line  being  by  this  rotation  of  the  humerus. 

The  Term  minor  (circumflex  nerve— C.  5)  has  a  similar  action  to  the  infm- 
spinatns,  and  its  palsy  has  a  similar  effect. 

The  fifii5s6apu2arts  (short  subscapular  nerve,  from  tbe  fifth  and  sixth  cervical) 
rotates  tbe  humems  in,  and  ks  paralysis  lessens  this  movement. 

The  Laiiuimtu  dorsi  (1(vn<^  subscapular  nerve,  from  the  brachial  plexus, 
posterior  cord— C.  7)  lowers  tbe  raised  arm,  and  puts  it  back;  tbe  upper  part 
addncts  the  scapula,  the  lower  depresses  the  shoulder  by  acting  on  the  humerus, 
which  it  tends  to  drag  out  of  the  socket.  It  inclines  tbe  trunk  a  little,  and 
both  mascles  together  extend  tbe  trunk.  In  paralysis,  forcible  backward 
depression  of  the  raised  arm  is  lost,  and  the  shoulder  cannot  he  put  back 
without  being  also  raised  (by  tbe  trapesius). 

The  P^otoraiii  wuvjcr  (anterior  thoracic  nerves  from  the  brachial  plexus, 
outer  and  inner  cords— G.  5,  6,  and  7)  consists  of  two  muscles,  the  action  of  the 
clavicular  and  sternal  parts  being  different.  The  clavicular  (which  arises  also 
from  the  highest  part  of  the  sternum),  if  the  arm  is  hanging,  brings  the 
shoulder  forwards  and  upwards,  as  if  shivering;  if  the  arm  is  raised,  it  ii 
brought  forwards  and  lowered  to  the  horizontal  position.  Tbe  muscle  is  thus 
ooncemed,  Duchenne  says,  in  the  ''out  *'  of  the  swordsman  and  the  benediction 
of  the  priest.  Tbe  sternal  portion  lowers  the  raised  arm  from  every  poeition, 
and  if  the  arm  is  hanging,  it  draws  the  shoulder  down.  Paralysis  of  the  upper 
part  has  little  effect  on  the  movement  of  the  arm,  beoause  the  anterior  fibres  of 
the  deltoid  have  the  same  action.  It  is  easily  recognised,  by  making  the  patient 
put  his  arms  in  front  of  him  and  press  the  palms  together.  In  paralysis  of  tbe 
lower  part,  even  with  the  latissimus,  the  raised  arm  can  etill  he  lowered  aocn* 
lately  by  the  weight  of  the  arm  and  relaxation  of  the  elevators,  but  it  cannot 
he  lowered  against  even  a  slight  resistance.  Thus  a  blacksmith  with  this  defect 
eould  wield  a  heavy  hammer,  hot  oould  not  blow  the  bellows  by  pulling  down- 
wards a  cord  (Duchenne). 

The  2hf0s  mui§ar  (short  rahseapular  nerve  from  the  brachial  plexus 
posterior  cord — C.  7)  approximates  the  humems  and  tbe  onter  edge  of  tbe 
scapula,  by  bringing  the  former  to  the  side  of  the  trunk,  and  rotating  the  latter. 
Tbe  simnltaneona  oontraction  of  the  levator  anguli  and  rhomboids,  fixing  the 
inner  angle,  causes  this  rotation  to  raise  the  prominence  of  the  shoulder. 
Henoe,  in  a  foroible  elevation  of  tbe  shoulder,  tbe  arm  is  pressed  against  tbe 
side,  the  lower  fibres  of  tbe  latissimus  and  pectoralis  major  aiding  the  adduction. 
The  teres  cannot  alone  put  the  arm  behind  tbe  trunk.  In  paralysis,  the  eleva^ 
tion  of  the  shoulder,  with  the  arm  against  the  side,  is  lost. 

MvflCLBS  HOTIHG  THB  FoBBABK.~2Wceps  (musculo-spiral  nerve— 0.  6  and 
7).~The  long  head  has  an  action  similar  to  the  teres,  but  feebler.  It  contracts 
when  the  arm  is  forcibly  lowered^  and  prevents  the  displacement  downwards  of 
the  head  of  the  humems  by  tbe  actual  depressors,  tbe  latissimus  and  pectoralis. 
AU  parts  extend  the  elbow,  the  long  head  with  less  force  than  the  othen,  but  its 
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action  on  the  shonlder-joint,  jnst  mentioned,  is  important,  lyeoaose  forcible 
depression  of  the  raised  arm  is  often  asHociated  with  extension  of  the  elbow.  In 
paralysis  of  the  triceps  the  elbow  can  only  be  extended  by  the  weight  of  the  fore- 
arm,  and  extension  against  gravitation  is  impossible.  Thus  a  man  with  paralysis 
of  the  triceps  cannot  raise  his  hat  in  the  castomary  manner.  Flexion  of  th^ 
elbow  is  uncertain,  on  account  of  the  loss  of  the  antagonistic  steadying  force. 
The  BraehiaiU  anHcm$  (moscalo-oataneons  and  miiBoalo-apix»l  ner?es)  flexes 


Triceps  (long  head)  ^ 
Triceps  (inner  head) 


Flex,  carpi  ulnar. 
Flex.  dig.  pmfund. 

Flex.dig.Biib.(II&III) 

Flex,  digit,  sub.  (I  &  IV) 

Ulnar  n ,  — 

Palm  brev 

Abd.  minim.  digiL 

Flex.  min.  ditr 

OppoD.  min.  d'^ 


Lumbricales  i 


Deltoid 
(ant  half) 


Mms.'eui.n. 
Biceps 
Bracb.  snL 

>  Median  n, 
Supinator  long. 
Pronator  teres 
Fkxor  i:«rpi  radialis 

Flex,  digitor  sublim. 

Flei.  long.  poUicis 
Mfdmn  «. 

Adductor  pollicis 
Opponeni  pollicis 

FVcx.  brev.  pollicis 

Adductor  pollicis 


FlO.  10. — Motor  points  for  the  arm,  inner  side  (from  Erb).     The  points  at  which  the 
ninMclos  Mnd  nervos  cnn  most  pfFfctively  be  stimulated. 
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th*  •Ibow  dmply.  Its  rare  isolated  palsy  has  little  effect,  lince  it  is  nipple, 
nented  bj  the  biceps  and  sapinator  longns. 

The  JBieep9  (muscalo-cataDeoos  nerve — C.  4,  5,  and  6)  snpinates  the  foreann 
if  it  b  pronated,  and  then  flexes  the  elbow.  In  .paralysis  the  flexion  oan  still  be 
affected,  bat  the  traction  on  the  hnmems  causes  pain  at  the  ihonlder,  from  the 
lo«  of  the  support  of  the  long  head  of  the  biceps. 

The  Bvpinator  UmffUB  (mosculo-spirml  ner?e — C.  4  and  5)  places  the  forearm 
■lid way.  between  pronation  and  supination,  and  then  flexes  the  elbow.  If  it  is 
paralysed  there  is  a  tendency  for  supination  to  accompany  flexion  (biceps) ;  and 
if  the  braehialis  antions  is  also  paralysed,  the  elbow  can  only  be  flexed  when 
the  forearm  is  supinated. 

If  the  three  direct  flexors  of  the  elbow  are  paralysed,  feeble  flexion  is  still 
possible  by  the  extensors  of  the  wrist,  which  cross  the  el  bow- joint,  but  only  after 
the  forearm  has  been  pronated  and  the  wrist  over-extended* 


Deltoid 
(posterior  half) 


Muse,-tpiral  n. 
Brachialii  ant. 

Supiuator  longas 
Extensor  radial,  long. 
Exteofur  radiaL  brev. 


Extensor  digit,  i 
Extensor  indicia 

Ext.  OS,  met.  pol. 
Extensor  pr.  intern,  pol^. 


Dorsal  interoesei  j 
(I  and  II)       \ 


Triceps  (long  head) 


y  Triceps  (outer  head) 


Extensor  carpi  uln. 
Supinat.  brev. 

Extent,  minim,  digiti 
Extensor  indicis 

:=:  >  Extens.  long.  polL 


Abduct,  minim,  digiti 
1  Dorsal  inteross^i 
/    (III  and  IV) 


PlO.  11. — Motor  points  for  the  nrm,  outer  side  (Erb). 
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Th9  Supinator  hrevU  (miucalo-^inl  nerve  bj  posterior  interoNOOiui  Inmneli-* 
0.  6)  18  the  onlj  simple  eupinator.  If  it  is  pandysed*  ■npination  omi  fliill  bo 
elEeeied  bj  the  biceps,  and  also  by  the  rapinator  longvs  as  far  m  midwaj  botweon 
pronation  and  supination. 

Pronators.— Tlie  p.  leres  and  p,  quadrahu  (median  aetps  CL  6  and  T)  both 
pronate  strongly,  and  their  palsy  causes  loss  of  this  moT«ment»  bnt  pronattoa  to 
the  mid-position  is  still  possible  by  the  supinator  longus. 

MuBOLBB  HOTiHO  TRB  B.ASj>,-^Fle9ors  o/  TFHti.— The  F»  oarpi  mlnariM 
(ulnar  nerve)  and  F,  carpi  radiaU$  (median^C.  7  and  8)  flex  the  wrist.  The 
ulnar  flexor  tends  to  turn  the  snpinated  hand  still  mors  out,  bnt  neither  moves 
the  wrist- joint  laterally.  Flexion  indeed  hinders  the  lateral  movements  of  the 
wrist,  in  oonsequenoe  of  the  shape  of  the  articular  surfaces.  The  f .  c  nlnaris 
flexea  the  flfth  metacarpal  bone  on  the  carpus  ss  well  as  the  wrist- joint.  In 
paralysis,  flexion  of  the  wrist  can  only  be  effected  by  the  flexors  of  the  fingecs 
when  these  are  extended.  Extension  of  the  wrist  is  unsteady  from  the  loei  of 
the  antergio  oontraction  of  the  flexors  (see  p.  10). 

ExtenBora  of  WriH.—JSxtenaar  earpi  radialU  brevU  et  longuB  ;  E,  e,  tUnaria 
(musculo-spiral  nerve  and  its  posterior  interosseous  branch— C.  6  and  7).  The 
sboit  radial  is  a  direct  extensor ;  the  long  radial  and 
the  ulnar  move  the  hand  laterally  as  well.  In  para- 
lysis of  all  three  extenson  the  vrrist  oan  only  be 
extended  by  the  extensors  of  the  flngers  when  the 
phalanges  are  flexed.  In  loss  of  the  short  radial, 
direct  extension  is  still  possible  by  the  long  radial  and 
ulnar,  and  lateral  extension  by  one  of  these  alone. 
If  either  is  paralysed,  together  with  the  short  radial, 
direct  extension  is  lost,  and  only  lateral  extension,  in 
the  direction  of  the  remaining  muscle,  is  possible. 
Paralysis  of  either  lateral  extensor,  long  radial  or 
ulnar,  leads  to  permanent  deviation  of  the  wrist  in 
the  direction  of  the  remaining  muscle    (Fig.    12). 

Fig,  12. Faralyris  of     ^^  ^o""  of   the  long  radial  is  more    serions    than 

the  long  radial  ex*  that  of  the  ulnar,  because  the  radial  lateral  move* 
tenwrof  thewrigt  ina  n,ent  is  of  more  importance,  being  needed  for  the 
devhition  of ^ the  hand  convenient  motion  of  the  hand  to  the  mouth.  Para- 
towardfi  the  ulnar  side,  lysis  of  the  extensor  impairs  flexion  of  the  fingers, 
(After  Daohenne.)  from  the  groat  shortening  of  the  course  of  the  ten- 

dons by  the  flexion  of  the  wrist  that  occurs.  The 
ulnar  extensor  acts  also  synergically  with  the  extensor  of  the  metacarpal 
bone  of  the  thumb,  as  may  be  noted  if  the  finger  is  placed  on  the  tendon  beneath 
the  styloid  process  of  the  ulna.  Hence,  in  paralysis  of  this  extensor,  the  hand 
deviates  laterally  when  the  thumb  is  strongly  extended. 

Extensors  of  the  Fingers, ^Extensor  communis  digitorum ;  E.  indicts  ; 
E,  minimi  digiii  (musculo-spiral  nerve — C.  6  and  7).  The  oommon  extensor 
movp%  the  fingers  and  then  the  wrist.  When  the  muscle  is  faradised,  the 
extension  begins  at  the  distal  phalanges,  and  these  become  flexed  again,  when 
the  hand  is  extended  beyond  the  plane  of  the  forearm,  by  the  tonic  force  of  the 
flexors,  the  course  of  their  tendons  being  elongated  by  the  extension  of  the  wrist. 
Moreover  the  muscle  has  little  action  on  the  last  two  phalanges,  since  they 
cannot  be  extended  by  the  long  extensor,  if  the  interossei,  their  proper  extensors, 
are  paralysed.  During  extension  by  the  communis  the  fingers  are  separated 
from  the  second.    The  extensors  of  the  first  and  last  fingers  have  a  similar 
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ttginen  actioa,  but,  in  dlditioii,  tb«y  ftddiiok  ihtAt  reipeotifv  fingers  towards  the 
middle  finger.  In  pftmljsii,  the  exteniion  of  the  fingers  is  impossible ;  bnt  if 
the  prazimnl  phalanges  are  passively  extended, the  middle  and  distal  joints  can 
be  extended  by  the  interomeu  For  the  lateral  mofements  of  the  digits,  exten- 
•ion  of  the  proximal  phalanges  is  eventiaU  and  henee  thcae  moTements  are 
lost,  bnt  the  JOBS  be  performed  if  the  proximal  phalanges  are  passifely  extended. 
The  postnre  of  the  fingem  due  to  contraction  of  the  palmar  faada  vssembles 
that  in  palsy  of  the  long  extensor  (see  Fig*  18)»  bat  aa  examination  of  the 
palm  ehowa  the  canse  of  the  flexion. 

FUmon  cf  FSmgen.-^F.  $M,imU  (median  nerre  all  fibres  C  7  and  8) ;  F. 
prafumdma  (median  and  ulnar  nerves).  These  mnseles  flex  chiefly  the  second 
and  third  phalanges,  the  first  phalanx  being  flexed  by  the  interovei.  The 
onperfioial  mosole  flexes  the  second  phalanx  on  the  fimt,  the  deep  flexes  both. 
The  action  on  the  flrst  phalanx  is  confined  to  extreme  fiexion  of  the  fingers*  and  is 
the  less,  the  more  the  wrist  is  flexed.  But  if  the  flexion  of  the  middle  and  distal 
phalanges  is  prevented  the  flrst  is  strongly  flexed.  In  extreme  shortening  of 
the  eonne  of  the  tendons  by  flexion  of  the  wrist,  the  action  on  the  fingers  is  - 
rmj  feoblst  evidence  of  a  normal  aatergie  aotioB  of  the  extensom  of  the  wrist. 

Flo.  18  Flo.  14. 


Fia.  18.— Pnttars  of  the  hand  in  contraction  of  the  pulintt  fisMia,  rsseinbling 
that  in  pamly^is  of  the  long  eztenaon  of  the  finger. 

Fig.  14.— Paralyiii  of  the  flbrst  of  the  flexor  ■nblimii  which  act  on  the  two 
middle  Angers  t  twelve  yean'  durHtion.  The  second  phalimges  of  these  fingers 
are  bent  backwards  and  iiiblnxatrd  from  the  oontractnre  of  the  nnoppoted 
interosMi,  while  the  laftt  plinUiigea  are  kept  la  poeitioB  by  the  nnafleoted 
flexor  i«orondns.    (After  Duclienne.) 

When  the  extensor  of  the  ibgem  is  in  strong  action,  extending  the  pnurimal 
phalanges,  the  action  of  the  flexors  on  the  second  and  third  joints  b  very  strong 
(tearing  position).  In  paralysis  of  theee  muscles  the  power  of  flexing  the  last 
two  joints  is  lost,  bat  the  interossei  still  flex  the  roetacarpo-pbalangeal  joinls. 
Paralyais  of  the  deep  flexor  alone  causes  merely  loss  of  the  power  of  flexing 
the  diatal  joint,  but  this  impairs  many  movements,  snch  as  playing  on  the 
piano.  In  paralysis  of  these  mnseles,  the  nnoppoeed  tone  of  their  opponents, 
the  interoeseii  which  extend  these  joints,  leads  in  time  to  over  extension,  and, 
with  repeated  pasrive  pressure  in  nsing  the  fingers,  may  even  prodnce  a  snb- 
laxation  backwards.  In  palsy  of  the  snblimis  this  effect  is  chiefly  seen  at  tho 
middle  joint  (Fig.  14),  in  that  of  the  profundus  at  the  distal  joint. 

I$Umnm9§i  omd  ImmbrieaU$  (ulnar  nerve,  except  the  outer  two  lumbricaleB» 
whieh  are  sapplied  by  the  median— C  8  and  D.  1).— The  interossei  abduct  and 
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addact  the  fingers,  bat  only  when  these  ai'e  extended  at  the  metaoarpo* 
phalangeal  joinU,  and  lome  effort  is  required  for  addnotioo,  since  the  tendency 
of  the  long  extensor  is  to  separate  the  fingers,  and  this  influence  has  to  bo 
overcome.  They  also  extend  th»  seoond  and  third  phalanges  on  the  first,  and 
flex  the  first  on  the  metacarpal  bones.  The  Inmbricales  aid  the  flexor-extensor 
action  of  the  interossei,  but  do  not  move  the  fingers  laterally.  The  opposite 
action  of  the  forearm  mnsoles  and  of  the  interosseous  extensors  and  flexors  is  very 
important.  Their  synergic  action  steadies  movements,  and  in  many  act  ions  they 
contract  alternately.  Thus  in  making  a  down-stroke  with  a  pen  or  pencil  the 
long  flexors  bend  the  last  two  joints ;  while  in  making  an  np-stroke  these  are 
extended,  and  the  metacarpo-phalangeal  joint  is  flexed >  by  the  interossei.  In 
paralysis  of  these  mnsoles  the  lateral  mnvementx  are  lost,  but  a  slight  abduction 
and  adduction  of  the  index  can  i^till  be  effected  hy  \U  long  extensors.  Only  the 
first  phalanx  can  be  ^extended,  and  flexion  is  almost  confined  to  the  last  two 
phalanges.  The  first  two  lumbricalesy  being  supplied  by  the  median  nerve» 
often  escape  when  the  other  muscles  are  paralysed  by  an  injury  to  the  ulnar 
«  nerve,  and  they  aid  the  othei-s  when  these  are  merely  weak ;  hence  the  index 
and  middle  fingers  seem  to  vsoovtr  before  the  others  (Fig.  16).    Tht  position  of 

Fza.  16.  Fx».  16w 


Fig,  15, — ^B»cent  incomplete  psn1?iiiB  of  the  Interosse!  from  a  panotorsd 
wound  of  the  ulnnr  nerve  at  the  wrist:  nttcmpt  to  extend  fingers.  The  loss 
of  extension  of  the  lust  two  phnlanges  is  chtcHy  tusrked  in  the  third  and  fourth 
fingers,  from  the  influence  of  the  Inmbricales  (supplied  by  the  median)  on  the 
others.    (After  Dnchenne.) 

Fio.  16.— P.I  ml  \  sis  of  the  interossei  (ulnar  uerve)  slight  in  degrees  attitnda 
of  Bngers  at  rest, 

the  hand  at  rest  becomes  altered.  Normally  there  is  slight  flexion  at  all  joints 
by  the  tone  of  the  muscles,  interossei  and  long  flexors.  In  paralysis  the  first 
phalanx  is  in  a  line  with  the  metacarpal  bonee,  while  the  other  phalanges  are 
flexed,  the  middle  more  than  the  distal  (Fig.  16).  In  action  this  flexion  b 
always  increased,  the  metacarpo-phalangeal  joints  become  over-extended,  and 
the  other  joints  strongly  flexed  (Fig.  17).  Gradually  the  hand  assumes  this 
posture  even  at  rest  (Fig.  18),  and  ultimately  the  posture  becomes  warped  into 
a'deformity  by  the  over-extension  of  the  first  phalanges,  and  extreme  flexion  of 
the  othera,  dtie  to  the  contracture  of  the  long  extensor  and  of  the  flexors ;  the 
tendons  of  thene  muscles  stand  out  conspicuously  on  the  back  and  in  the  palm, 
and  a  claw-like  attitude  is  developed,  the  "  main  en  griffe  "  (Figs.  19  and  SO). 
Changes  in  the  articnlations  may  ultimately  limit  even  passive  movement. 

Muscles  op  thb  Thumb  — Extensor  tecundi  intemodix  pollicis  (musculo* 
spiral  nerve,  posterior  interosseous  branch— C.  8  and  D.  I)  extends  both 
phalanges,  and  moves  the  whole  thumb  backwards  and  from  the  fingers,  so  as 
to  bring  it  behind  the  plane  of  the  metacarpus.  It  may  ultimately  extend  the 
wrist-joint,  but  it  never  supinates.    It  is  not  used  in  extending  the  thumb  when 
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iliii  !i  opposed  to  the  firat  finger.  In  paralysis,  the  metacarpal  bone  of  the 
thamb  ia  slightly  flexed  on  the  oarpns,  and  is  inclined  forwarda.  The  second 
phalanx  ia  flexed  on  the  first,  and  can  only  be  extended  (by  the  abdnoior  and 
outer  pert  of  the  short  flexor)  when  the  metacarpal  bone  is  addnoted  and  the 
firrt  phalanx  is  flexed.  The  constant  flexion  of  the  second  phalanx  interferee 
with  the  movement  of  the  index  finger*  unless  the  patient  remembers  to  move 
the  thnmb  out  of  the  way  by  the  extensor  of  the  metacarpal  bone.  Writing  ia 
not  interfered  with  beoanae  the  mnaole  ie  not  eonoemed  in  extension  with 
opposition* 


Fio.17 


Fie.  18. 


Fio.  19. 


Fie.  20. 


Fre»  I7.r-Attempt  to  nnbatlon  waistcoat  hj  the  hand  shown  In  the  IrsI 
figimf  extreme  flexion  of  the  last  two  pbalaoaes»  and  extenilon  of  the  fint»  on 
the  attempt  to  vie  the  fingers.    (From  natare!) 

Fie.  18.— Old-standrnf?  palsy  of  interossei  and  thenar  mnseles,  showing  the 
overextension  of  the  flmt  and  flexioD  of  the  last  two  phalsngps. 

Fie.  19. — Paralysis  of  aU  the  intrinsic  muscles  of  the  hand  and  of  the  long 
fiexor  of  the  thnmb,  in  consequence  of  an  iijory  to  the  brachial  plexns  In  dis- 
location of  the  shoulder.  The  fingers  present  the  claw*like  attitude  i  the  thumb 
Is  in  extension.     (After  Duehenne.) 

Fio.  20. — Pnralyns  of  the  ulnar  nerve  from  a  wonnd  at  the  wrist  (indicated 
in  the  figure).  Extreme  rlaw-Iike  hand  from  the  unopposed  contraction  of  the 
ooiDmon  extensor  and  long  fiexors  of  the  fingers  and  thumb.    (After  Duehenne.) 


The  Extensor  primi  iniemodii  pdOieU  (mnscnio-apiral  nerve,  post-interosa. 
branch— C.  8  and  D.  1)  is  the  true  abductor  of  the  thumb.  It  moves  the 
metacarpal  bone  outwarda,  and  extenda  the  firat  phalanx.  It  wonld  move  the 
whole  hand  in  the  ^ame  ilirection  as  the  thumb,  were  not  this  tendem^  connterw 
acted  by  the  antalgic  contraction  of  the  extensor  carpi  nlnaria  (q.  v.).  It  doea 
not  pronate  or  anpinate.  In  paralysia  abduction  of  the  metacarpal  bone  is  less 
than  normal.  There  is  an  undue  flexion  of  the  first  phalanx,  and  the  meta- 
carpal bone  is  flexed  on  the  carpus,  so  that  the  thumb  is  drawn  towards  the 
palm.  The  loss  of  tliia  muscle  is,  howeveff  eompensated  to  n  oonaiderable 
extent  by  other  muscles.  ^^  /,  i '  il  ^\  /  <^.^ 
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Tte  Jfcfwtor  otfif  ia<ttoaijrf  paBwU  (matoaW-apinl  aerf»,  i 
biMHk-<).8Mid  D.l)kffiiai7iha  loBgtUiiet(ir«ftlnili«Bl>.  ItMfV 
Ifai  iMtMurpftl  boM  •ntwivdb  and  forwardi,  flexing  it  mi  tke  owpvi,  «nd  tkM 
iiMt  ike  wrut  with  sUglit  pronation.  It  tk«B  movM  tkt  thumb  m  nvok 
tctwiiidi  •■  otttwEids.  In  jMra(y»it  the  oMiaearpel  bone  li^  at  riit»  Itm 
inclined  fonraids  than  BonDal>  and  eomewhat  abdoeted,  bvt  the  fiivtphalana  ia 
in  iU  normal  peaitioa.    ICoFemant  o£  the  thvmb  is  but  little  inteilerad  with. 

Itt  oombined  pab  j  of  the  estaaeon  of  the  firnt  phalaax  and  of  the  »etaearpal 
bone  the  thamb  beoomes  adducted,  and  ia  parallel  to  the  radina.  The  fiiat 
phalanx  is  slightly  flexed  by  the  thenar  mosclee. 

The  Thenar  vmuoUm  constitute  two  groups  s  (1)  The  abort  abdudor  and 
auier  portion  of  the  »hoH  flexor  (median  nerve — 0.  8  and  D.  1)  move  the 
metacarpal  bone  forwarde  and  inwardu  (flexing  the  first  phalanx),  incline  it 
outwaida,  and  rotate  it  inwards,  so  as  to  place  its  palmar  aspect  opposite  the 
fingers.  The  second  phalanx  is  ultimately  extended.  If  the  metacarpal  bone 
ia  previously  abducted  the  movement  is  greater,  and  amounts  to  uicumduetion. 
(2)  The  udductor  and  inner  part  of  ehort  flexor  (ulnar  nerve— 0. 8  and  D.  1) 
go  to  the  inner  side  of  the  first  phalanx.  The  metacarpal  bone  is  moved 
towards  that  of  the  second  finger :  if  previously  flexed,  it  is  extended ;  if  pre- 
viously opposed  to  the  index,  it  ia  moved  a  little  outwai-ds.  The  phalanges 
follow  the  movements  of  the  metacarpal  bone,  but  the  first  is  slightly  fieaed 
and  the  second  is  extended,  as  the  fingers  are  by  the  interossei. 

The  Opponeits  poUicie  (median  nerve— 0.  8  and  D.  1)  flexes  the  metacarpal 
bone  on  the  carpus,  and  abducts  it,  but  this  movement  is  insuflioient  to  oppose 
the  thumb  to  the  index;  the  conjoint  action  of  the  abductor  ia  neoessaiy  (see 
above). 

ne.n.  Fio.22.  FiOwSa. 


Fio.  21.— Normal  position  of  the  thumb  (for  oomparisoa  with  the  soeoeedlqg 
flgnres). 

Fie.  22.— I^Mition  of  the  hand  in  long-standing  puralysis  and  wasting  of  the 
thenar  moscles.  Under  tiie  inflaence  of  the  long  extensor  the  neUcarpal  bone 
o(  ihe  thumb  has  been  broaght  into  ihe  same  position  as  the  other  metacarpal 
bones,  being  rotated  slightly,  so  that  tlie  back  of  the  thumb  is  in  the  plane  of 
the  back  of  the  hand,  llktf  the  hand  of  tbe  ape.    (After  Duchenne.) 

Fio.  23,  from  another  case,  shows  the  same  ooiiditAon,  but  still  greater  dis- 
placement of  the  metacarpal  bone  has  taken  place,  from  the  greater  oontractioa 
of  the  extensor.    (After  Ducbenue.) 

The  Flemor  longiu  poUieie  (median  nerve — C.  7  and  8,  and  D.  1)  flexes  the 
second  phalanx  forcibly  and  the  first  feebly.  It  has  no  action  on  the  metacarpal 
bone.  It  is  used  in  writing  (making  a  stroke  towards  the  body)  and  in  picking 
up  a  small  object,  &c  In  pamlysis  this  flexion  is  lost,  and  with  it  theee  actions ; 
if  an  object  is  held  between  the  tips  of  the  thumb  and  forefinger,  tha  hurt 
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pbftknr  of  t)ie  thumb  w  bawt  bafli*    Olb«r  moTwiMiito  of  tlie  flbnmb  ai»  a«l 
iaterforod  with. 

If  all  the  thonar  imncloo  wm  poialjMd  tho  motacai^  bono  w  in  the  piMo  ol 
Ibo  Hides,  asd  4vawii  tawarda  il  bj  tho  aztanaor  «f  tbe  wooiid  pbalaiix,  wbkb 

moves  the  metaearpal  bone  inwards  and  baokwarde.    The  whole  thamb  oorre- 

•ponds  with  the  metacarpal  bone  in  position,  the  phalanges  being  normal    In 

psraljsis  of  the  short  abductor  and  flexor  the  seoond  phalanx  cannot  be  extended 

unless  the  metacarpal  bone  is  abducted.   These 

short  mnsoles  normally  prevent  the  abduction 

that  the  extensor  of  the  second  phalanx  tends 

to  produce.    The  latter,  moreover,  prevents 

undue  adduction  when  the  special  abducton 

are  paralysed,  but  brings  the  metacarpal  bone 

into  the  plane  of  the  index.    Thus  the  posture 

of  the  hand  at  rest  resembles  that  of  the  hand 

of  an  ape  (Figs.  21  and  22).     If  the  abductor 

end  opponena  are  paralysed,  the  tips  of  the 

thumb    and    finders    can    only    be    brought 

together  by  flexing  the  last  phalanges  of  the 

digits  (Fig.  24).     Then  the  thumb  can   be 

brought    into   oontai-t    with  *the    finger    by 

means  of  the  short  flexor,  which  inclines  the 

metacarpal    bone    sufficiently    to  effect  this, 

although  not  enough  for  the  tip  of  the  first 

finger  to  tonoh  the  thumb  when  its  phalanges 

ire  extended.  Fia.  24. — Pamlysis  of  the  ab- 

If  the  short  flexor  is  paralysed,  the  thumb  ^o«tor  brevU  and  opponens 
«  rtiU  be  opp<-.d  to  the  fi«t  two  fing«.  SillTtoJ^-jAn^rcTn 
by  the  abductor,  but  it  cannot  be  opposed  to  only  be  brought  in  contact 
tbe  last  two  fingers  on  account  of  the  defi-  with  the  tip  of  the  index  by 
dent  lateral  inclination  of  the  thumb,  which  "*«"ong  flexion  of  the  last  two 
.bo.ldbep«d«:edby*lH.«..ol..  Writing  Si^tSr  "J^VX^'tbu^S 
IS  easy  by  means  of  the  short  abductor,  only  reaches  the  middle  of 
whereaa  il  ibis  is  lost,  although  tbe  thumb  tbe  second  pbaianx.  (After 
can  ba  opposed  to  each  o£  tbe  fingwra,  writinf  Dnchenne.) 
is  mnsli  interferad  wttb. 

If  all  the  thenar  Boaelas  are  paralysed,  a  certaia  amount  of  opposition  of  tbe 
Ihamb  and  fingers  ia  atill  possible,  by  means  of  tbe  flexioa  of  the  last  phalanges 
of  the  thamb  and  fingers.  If  all  are  paralysed  except  the  addootor^  objects  oa« 
still  b»  held  batveaa  tba  thiuab  and  sida  of  the  palm. 

MlTSGLlS  OF  THS  LOWBB  LdIB. 

Mnaoun  iiDTxiie  tx9  Hip-/om.— Tbe  QltUeu^wMaHmnm  (inlsrior  gluteal 
■ervib  sbmII  seiaiiob  and  m.  special  branch  from  saoral  plexus^-L.  4  and  6«  S.  1) 
extends  tba  hip- joint,  and  freely  rotates  the  thigh  ontwarda*  It  ia  tha  noit 
pewarfml  extensor  of  the  hip,  and  it  is  ehiefly  used  when  a  forcible  eztenaion 
is  Tsqnirad,  and  the  joint  haa  bean  previously  flexed.  It  ia  amployed»  not 
ia  standing,  or  in  walking  on  level  groand«  but  in  gobg  upstairs,  or  uphill,  and 
in  rising  from  a  seat.    When  it  is  paralysed  these  movements  are  dlffioolt. 

The  QhUmm  madiiM  (gluteal  nerra^L,  4  and  6,  S.  I)  ia  tha  ebiaf  abductor. 
All  paita  of  iba  mnaole  bava  thia  aetion^  but  in  addition  tha  antaiior  thizd 
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moTM  Um  thigh  f  orwudi  and  rotatM  U  inwards,  whlU  the  pottoiior  third 
mofiet  itbackwftrdi  and  rotataa  ontwaidt.  The  eaeceaiiTe  action  of  the  leveml 
parti  caowe  oironmdaotion.  The  OlnUu$  minimm  (gluteal  nerve)  hai  pro* 
hablj  the  aame  aodoii.    In  panJjns»  abdnotion  and  oiioumdnotioii  are  loeti  la 


Crural  n. 

Obturator  n. 
Pectineut' 

Adductor  mag, 
Adductor  long. 


V  Tens  r  vagii 


Rectos  femoris. 


jiaBfemon*. 


Vastus  extern. 


Fia.  25«^Motor  puiuts  oo  the  front  of  the  thigh  (Bri>)w 


■tanding  on  the  other  foot  the  pelvu  ii  inclined  on  the  affected  dde,  and  henoeb 
in  walking,  there  is  an  csoillation  of  the  trunk,  which  beoomea  Tory  con- 
siderable if  the  mniioles  of  both  sides  are  affected.  Moreover  the  mioppoaed 
tone  of  the  outward  rotators  produces  a  permanent  rotation  of  the  leg.  so  thai 
the  toes  are  directed  outwards,  and,  from  the  altered  position  of  the  €oot»  tha 
propulsion  of  the  body  in  walking  is  deficient. 

The  PyrifonnU,  OemelU^  Obturator  itUemug,  and  Quadrahu,  ftmorU 
(special  nerves  from  the  sacral  plexus,  bat  from  L.  6)  all  rotate  the  thigh  ont* 
wards,  and  the  firet-named  muscle,  in  addition,  carries  the  thigh  obliquelj 
backwards  and  outwards,  in  the  same  way  as  the  posterior  fibres  of  the  gluteus 
medius.  In  paralysis  of  these  muscles  external  rotation  is  impossible,  and  the 
unopposed  tone  of  the  internal  rotators  (anterior  fibres  of  the  glutens  medina 
and  minimus)  causes  the  leg  and  foot  to  be  habitually  turned  inwards. 

The  PsocM  (special  lumbar  nerve,  L.  2  and  3)  and  Iliaeiu  (anterior  omral 
nerve  L.  2  and  8)  flex  the  hip-joint,  and,  in  doing  so,  cause  also  a  slight 
rotation  outwards.  In  paralysis,  flexion  is  lost,  and  the  use  of  the  leg  in 
walking  becomes  impossible. 

The  Ten$ar  vagirue  feniorU  has  a  slight  power  of  flexing  the  hip,  and  at  the 
same  time  rotates  the  thigh  in.     It  normally  counteracts  the  tendency  of  the 
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flio-psoM  to  rotate  oatwards.  If  it  is  paralyaed,  there  is  a  tendency  for  the  foot 
to  tarn  out  when  it  is  being  brought  forward  in  the  act  of  walking. 

Addudon  of  ike  Thigh  (all  are  innervated  from  the  same  roots,  L.  8  and  8). 
^The  PecUneita  (obturator  ner?e)  causes  an  oblique  moYement  forwards  and 
inwards,  1  e.  a  combined  flexion  and  adduction,  as  in  oroRsing  the  legs.  It  also 
routes  outwards.  The  Adductor  longuB,  and  probablj  the  Adductor  IrevU 
(obturator  nerye),  hare  the  same  action,  bat  the  flexion  is  less  than  by  the 
peotineus.  The  Adductor  magnu9  (obturator  and  great  sciatic)  causes  a  similar 
adduction,  but  while  its  upper  fibres  rotate  outwards  its  lower  fibres  rotate  in, 
and  are  employed  in  keeping  the  foot  straight  during  adduction  in  riding. 
This  is  very  difficult  if  these  fibres  are  paralysed.  The  foot  then  turns  out 
when  the  hip  is  flexed,  either  in  the  recumbent  posture  or  in  walking,  from  the 
preponderance  of  rotation  out  by  the  other  adductors.  When  all  the  adductors 
are  paralysed,  not  only  is  adduction  lost,  but  in  flexion  of  the  hip  the  foot  is 
moved  forwards  and  outwards,  instead  of  directly  forwards,  showing  that  there 
Is  normally  a  synergic  action  of  the  abductors  and  adductors  with  the  flexon 
in  this  movement. 

MvBOLBB  uomtQ  THV  K.vvE.^Bxtenaor*  s  Bcctm^  FosK,  and  Oureus, 
iogother  called  the  E.  quaAricepB  (ant.  cniral  nerve,  L.  8  and  4)« — The  vasti  act 
■olely  on  the  knee-joint ;  the  rectus  also  aids  in  flexing  the  hip,  bat  ohiefly 
when  the  knee  is  bent.  In  consequence  of  its  passage  over  the  hip- joint,  more- 
over, the  force  with  which  it  extends  the  knee  is  increased  by  the  simultaneous 
extension  of  the  hip.  This  effect  is  useful  in  the  propulsion  forwards  of  the 
body  in  walking.    The  crureus  is  unimportant. 

In  paralysis  of  the  extensors  of  the  knee,  standing  is  still  possible  if  the  knee 
is  extended,  nnce  the  arrangement  of  the  articulation  renden  a  contraction  of 
the  extensors  unnecessary.  But  secondary  shortening  of  the  flexors  is  apt  to 
oceur,  and  then  standing  becomes  impossible  because  the  knee  cannot  be  perfectly 
•xtended.  In  the  same  way,  walking  is  possible  if  the  leg  is  not  moved  forward 
beyond  the  vertical  position }  if  it  is,  the  knee  becomes  flexed  by  the  weight  of 
the  leg  and  foot,  and  the  patient  falls  when  he  attempts  to  rest  upon  it. 
Bising  from  the  kneeling  posture  in  the  ordinary  way  is  impossible.  In  partial 
pnralysis  of  the  muscles,  as  in  pseudo-hypertrophtc  paralysis  (q.  v.),  the  exten- 
sion of  the  knee,  in  lising,  is  facilitated  by  placing  the  hand  upon  it,  and 
wo  bringing  the  centre  of  gravity  of  the  body  near  the  fulcrum  of  the  lever 
formed  by  the  femur.  If  the  vastus  intemus  and  rectus  are  paralysed,  the 
▼astus  extemus  may  dislocate  the  patella  by  the  obliquity  of  its  traction.  The 
vastus  intemus  never  does  so  in  the  opposite  oondition,  because  its  action  is  less 
oblique. 

JVflsvrs  of  ihc  Knee. — ^These  are  all  supplied  from  the  same  spinal  roots, 
although  through  various  nerves— L.  4  and  6,  8.  1. — The  Sartoriue  (ant. 
eruiml  nerve)  flexes  the  hip-  and  knee-joints,  and  has  a  feeble  power  of 
rotating  the  thigh  outwards  and  the  knee  inwards.  It  is  a  muscle  of  small 
importance. 

The  Qradlie  (obturator  nerve)  adducts  the  thigh  more  powerfully  than  it 
flexes  the  knee.    It  rotates  the  leg  inwards. 

The  Semileiulinoeue,  Bicepe,  and  Semimembranosue  (great  sciatic  nerve) 
are  not  only  flexors  of  the  knee  but  extensors  of  the  hip- joint,  and  are  the 
muscles  that  extend  the  hip  during  ordinary  walking,  the  gluteus  maximus 
(q.  V.)  being  called  into  action  only  during  special  efforts.  The  leg  is  rotated 
inwards  I>v  the  semitendinosus,  outwards  by  the  biceps. 

In  paralysis  of  the  flexors  the  resulting  loss  of  the  power  if  flexion  interferes 
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wHli  wftlkiii;,  fine*  the  knM« joint  oMiiiot  be  bent,  in  the  forward  moTemeot  of 
the  leg,  antil  the  thigh  is  flexed  nifficientlj  to  permit  the  weight  of  the  foot  to 
flex  the  knee.  To  pitvent the  toee  itiiking  the  groand  the  foot  is  anduly  flexed 
on  the  leg.  The  loss  of  the  support  that  the  flexor  tendons  gpve  to  the  knee* 
joint  leads  to  an  undae  strain  on  the  ligaments,  whioh  become  stretchedt  and 
slight  retroflexion  of  the  joint  may  oocnr. 

In  paraljsis  of  the  muscles  that  extend  the  hip,  there  is  a  tendency  to  fall 
forwards  in  walking.  To  ooanteract  this  the  trunk  is  carried  baokwaixls,  and  a 
fatiguing  strain  on  the  flexors  of  the  hip  results. 

In  paraljsis  of  the  bioepe,  the  leg,  during  flexion,  is  rotated  inwards ;  when 
the  bicepe  remains  and  the  other  muscles  are  paralysed,  there  is  an  undue  rota- 
tion outwards.    The  effect  of  thest  abnormal  movements  on  the  ligaments  of 


Tibialis  anticns. 
Extensor  digit. 


Peroneus  brev 


Extensor  long,  poi 


Dorsal  interossei 


Sxt.  poplit ». 


Osstrocnem.  (outer  heiid). 
Peroneui  longus. 


f  Soleug. 


Flexor  long.  poUids. 


BxteoBOr  brev,  digit. 


Abductor  minim,  digit 


Fka.  26. — Mott>r  points  of  leg,  outer  aide  (Erb). 


the  joint  is  snob  that,  after  a  time,  the  amount  of  rotation  becomes  greater  than 
is  possible  in  health. 

The  P^liieut  (internal  popliteal  nerve)  hss  but  a  feeble  power  of  flexing  the 
knee.  Its  chief  action  is  to  rotate  the  leg  inwards  when  the  knee-joint  has  been 
flexed. 

MuscLXt  xoTnro  thb  Foot.— JftrfeiMors  of  Foot  on  Xe^.^^The  Chxttrp^ 
onefiHfw  and  BoUm  (internal  popliteal  branch  of  the  aoiatio— L.  5  and  8. 1) 

*  These  muscles  are  lometiaies  termed  "  plantar  flexors."  became  they  are  homo* 
logons  with  tha  teiofs  of  the  wrlsk    The  term  is  a  bad  one^  tiaee  it  Involves  a  nso 
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hK9%  tiw  MUM  mHoo.  Tb«7  •ztend  tb*  bfaidar  pMt  of  tH«  foot  and  dimw  dowtt 
te  ootor  sido  of  tho  f orepiurt  of  tho  foot,  but  verj  little  the  inner  side.  Henoe 
ike  loot  IB  rotfttod,  so  thst  the  donam  looke  ontwirds*  while  the  wholo  foot  ie 


Seiitiie  n. 

Biceps  (\oug  head  J 
Biceps  (short  head) 


JS^,  poplit. ». 
QMstrocnem.  (ext.  head) 

Soleos 
Flexor  long.  polK 


Olatens  maximiu. 


Adductor  magnns. 

Seniitendinosus. 

SendmembraDOsas. 


Int.  poplit,  n, 

Oaitrocnem.  (int.  head). 
Solens. 

Flexor  digit,  comm. 
Tibial «. 


Fxa.  ST.^Motor  points,  back  of  thigh  and  leg  (Brb). 

temed  inwaide  on  the  axis  of  the  leg.  The  peenliAr  inTenion  and  addnetioD 
that  thuf  aooouipftniee  extennon  ie  dne  to  the  form  of  the  artienlar  anrfaeea. 
The  gaatroonemina  hae  rery  little  power  of  flexing  the  knee»  bnt  the  extensinn 

of  the  word  "flexor"  in  absolute  oontiadietion  to  its  proper  signifieation*  We 
Ottght  not  to  frame  a  descriptire  term  saoh  as  this  en  an  analogy  which  inrolves  a 
contradiction  to  the  description.  Flexion  is  bendingf  a  movement  from  a  straight 
line;  and  extension  It  less  bending,  a  movement  towards  a  straight  (stretched, 
extended)  line.  To  call  a  moTOment  townrd  a  straight  line  "  flexion/'  because  in  the 
arm  the  stmilar  movement  prodnees  this  effect,  is  a  process  that  is  not  description, 
hot  the  statement  of  an  analogy — the  worst  possible  kind  of  nomenclature.  Names 
ahoold  be  descriptive  or  they  should  be  arbitrary.  Neither  theory,  nor  analogy, 
nor  hoariogy  ehonld  have  any  part  in  them.  What  we  call  homology  is  merely  a 
speelcs  of  analogy  i  it  vests  on  inferenoe  and  reasoning,  not  on  simple  absolute 
Nothing  that  lests  on  raaaoning  Ie  inherently  stable  and  free  from  ohange. 
TOL,  !•  4 
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of  the  knee  inoreaaee  the  effeot  of  the  moftcle  on  the  ankle-joint,  especiall j  in 
walking,  jnet  as  we  have  seen  that  the  extension  of  the  hip  augments  the  foroe 
with  which  the  contracting  rectus  extends  the  knee.  For  direct  extension  of  the 
ankle,  the  peroneus  concurs  and  opposes  the  inversion.  The  only  difference 
between  the  g^rocnemius  and  soleus  is  that  the  latter,  having  no  attachment 
to  the  femur,  can  extend  the  ankle  when  the  knee  is  flexed  as  well  as  when  it  ia 
extended.  In  paralysis  of  these  muscles,  extension  of  the  ankle  (by  the 
peroneus  longpis  and  flexor  longus  digitorum)  is  extremely  feeble,  and  the  foot 
can  scarcely  be  carried  beyond  a  right  angle.  Walking  is  greatly  interfered 
with;  standing  on  tiptoe  is  impossible.  The  unopposed  peroneus  longus 
causes  eversion  of  the  foot,  lowers  the  head  of  the  first  metatarRal  bone,  and 
deepens  the  plantar  arch.  In  time  the  ankle-joint  becomes  over-flexed,  the  heel 
considerably  lowered,  and  the  plantar  muscles  and  fascia  become  shortened. 
The  resulting  deformity  is  termed  talipes  calcaneus  (Fig.  2S). 


Fxa.  28. — ^Talipes  calranens  from  atrophic  paralytit  of  the  calf  mn teles,  with 
flexion  of  the  middle  and  distal  phaUnge«  of  the  toesi  from  paralysis  of 
the  interoisei. 

The  peronetiB  longua  (musculo-outaneous  nerve,  from  external  popliteal  of 
sciatic— S.  1  and  2)  everts  the  foot,  lowering  the  inner  border,  narrowing  the 
foot,  and  inci*easing  the  plantar  arch.  It  also  turns  the  whole  foot  out  on  the 
axis  of  the  leg.  It  has  a  very  feeble  power  of  extending  the  ankle.  It  keeps 
down  the  inner  part  of  the  foot  during  extension  by  the  calf  muscles,  as  in 
walking.  In  paralysis  of  this  muscle  the  inner  part  of  the  front  foot  is  not 
supported  during  extension,  and  yields  to  slight  force.  The  foot  becomes 
adducted  and  rotated,  so  that  the  sole  is  directed  inwards,  in  consequence  of  the 
unopposed  action  of  the  sural  muscles.  The  inability  to  press  the  inner  part  of 
the  ball  of  the  foot  firmly  against  the  ground  leads  to  over-action  of  the  flexors 
of  the  great  toe.    The  plantar  arch  is  IcRsened  ;  there  is  **  flat-foot." 

Flexors  of  ihe  Foot, — (Both  are  supplied  by  the  anterior  tibial  branch  of  the 
external  popliteal  nerve — L.  6  and  S.  1.)  The  Tibialis  arUicvu  produces  simul- 
taneously three  movements :  it  elevates  the  inner  part  of  the  front  foot  (oppos- 
ing the  peroneus  longus) ;  it  flexes  the  ankle-joint,  and  adducts  the  foot.  The 
Extensor  longus  digitorum,  besides  extending  the  toes,  flexes  and  abducts  the 
foot.  The  abduction  is  in  consequence  of  the  outward  position  of  its  tendons 
heneath  the  annular  ligament.  These  two  muscles  together  produce  direct 
flexion  of  the  foot,  or  flexion  with  adduction  or  abduction,  as  the  force  of  one  or 
the  other  preponderates.  Paralysis  of  either  weakens  flexion,  and  the  corre- 
sponding lateral  movement  is  lost,  flexion  being  accompanied  by  the  deviation 
effected  by  the  muscle  that  remains.  The  defect  in  flexion  is  greatest  in  para- 
lysis of  the  tibinlix.  and  the  loss  of  the   inHtinctive   flexion,  when  the   leg 
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ii  bfDQglit  forwaid  la  waUdng*  cmam  Um  foot  to  oftioh  agaioil  tiio  gimnuL 
Fualysifl  of  the  flezois  It  foUowid  hj  moooOMtj  eontiMtini  oi  tbo  exteimxii, 


fto.  t9.— Tdipat  oqidmu*  d«t  !•  •tnip^  of  tfio  llbtalb  Mitieiif  and 
■eermdarj  eontimetoro  of  tht  calf  maaelea.  In  A  tha  foot  U  ibown  al 
ivati  tbora  la  ilight  aqnino-vanii.  In  b  it  la  shown  doring  flailon^ 
and  the  Tama  la  ohanged  to  Talgoa  hj  the  aetion  of  the  pawnana 
kmgnt.  Kota  tha  ineraafad  extanttoo  of  tha  toat  In  B  from  tha  eom* 
peniatory  oiar-aotioB  of  tha  long  aitantora  of  tha  toaa.  (Aftar 
Doahanna^) 

•ad  taltpat  eqoiniis  Taanlta  (Fig.  29),  whioh  la  tha  greator  the  longar  iha 
pdij  haalaated  (Fig.  80).    Ita  ooeonanoo  b  iMilitatod*  in  many  eaaaa  of  pil^f* 


FUkM. 


Fia.SL 


FMb  Ml— Exi 


toMpia 


.        ,  old-atanding  paliy  of  tha  tIMalia 

antieoa  Onftmtila  paralyilt)  and  axtrama  eontemotioa  of  tba  euf  mnadaa.  Ko 
flaxor  morenant  waa  poMibla. 

Pio.  81. — Ptealyiia  of  tbe  IntaiOHei  and  the  addaetor  and  abort  flexor  of  tha 
great  toe.  Tba  fl»t  pbalangae  are  orer-extended  and  tbe  eeeond  are  flexed, 
wbile  the  bellow  of  tkia  sola  is  inoreased.    (After  Dacbenne.) 

bj  lesaenad  growth  of  tho  bonaa  of  tbe  leg»  ao  that  the  ball  of  tbe  loot  only 
tonebea  tbe  ground  when  tbe  foot  ia  extended.  There  ia  nsnally  slight  rotation 
inwards  of  the  foot  at  rest,  even  wben  the  tibialis  ia  paralysed  (aee  Fig.  89,  a), 
heeanae  aneh  rotation  ia  prodneed  by  tbe  anral  eztenaon  (p«  ^)  t  hat  in  tbia  eaaa 
the  alight  valgna  at  rsat  ia  ohanged  to  Tama  on  an  attempt  to  ies  the  ankle 
(Fig.  29,  B). 


0S  AOTIOlff  AKD  PASALTSIB  OF  MTOOLES. 

Tk»  Pmmmtm  krmia  (mammlm  iwitof  iiw  (yrainl]  bmndk  o€  «ct. } 
imwfl,  1  sad  8)  aUmIs  ikt  fe«t  wd  ndaiM  it.  nisteg  the  ontBr  adg*. 

The  l^ialtf  immKcim  (posterior  tibial  nerve  from  int.  pop.— ^U  6  and  8. 1) 
addncte  the  foot  and  enrret  it»  render inj^  the  onter  border  and  instep  more 
eoiifez.  Its  power  of  addncdon  is  greater  than  that  of  the  tibialis  antieos,  and 
it  does  not  rotate  the  foot  in  the  same  manner. 

These  two  muscles  alone  have  the  power  of  addaeting  and  abdooting  without 
fledng  or  extending ;  and  in  their  paimljsis  these  simple  movements  are  lost.  If 
one  only  is  paralysed,  a  deformity  develops  corresponding  to  the  action  of  the 
other  mnscle. — ^talipes  valgus  in  paralysis  of  the  tibialis  posticus ;  t.  varus  in 
that  of  the  peronens  brevis. 

The  mtiseles  moving  (he  torn  present^  in  their  mode  of  action,  a  olose  oorre- 
•pondence  to  thoee  of  the  fingers. 

The  EaienBor  longuM  digiiarum  and  the  EaUen$ar  hngvupoUieU  (anterior 
tibial  nerve^L.  5  and  S.  1)  extend  chiefly  the  first  phalanges,  while  the  Flesoor 
hmguM  digitorvm  and  FUmor  Inrevia  (posterior  tibial  nerve — S.  1  and  2)  flex  the 
last  two  phalanges.  The  Lumbriealf  and  the  Jfiisrossn  (post  tibial  nerve 
by  ext  and  int  plaatar--S.  1  and  2),  together  with  the  AhdnUar  and  FUgujr 
breviM  ntffiiifit  digiH^  oppose  both  the  other  extensor  and  flexor  mneeles,  flexing 
the  fifst  phalanx  and  extending  the  otheri.  This  action  is  of  great  importance 
in  walking,  since  they  give  the  last  propulsion  to  the  body  as  the  ball  of  the 
foot  leaves  the  ground.  The  Abductor,  Addueior,  and  FUanr  brevU  polUctM 
(plantar  nerves  from  post,  tibial— S.  1  and  2)  have  a  similar  action  on  the 
great  toOy  but  with  adduction  or  abduction  respectively.  The  interossei  also 
prodnee  a  lateral  movement  of  the  toes,  but  this  action  is  of  little  practical 
importance.  In  pamlysis  of  the  common  extensor  of  the  toes,  and  of  the 
proper  extensor  of  the  gi-eattoe,  the  tonic  foroe  of  the  interossei  and  analogous 
muscles  produces  persistent  flexion  of  the  first  phalanges  and  extension  of  the 
others.  If  the  conditions  are  reverMd,  and  the  latter  muscles  are  paralysed,  the 
first  phalanges  are  over-extended,  sometimes  even  snbluxated,  and  the  two 
other  joints  are  fiezed,  so  that  a  claw-like  form  of  foot  is  the  rssult  (Figs.  81 
and  28).  The  final  propulsion  in  walking,  above  described,  is  much  interfered 
with,  and  the  attempt  is  painful  because  the  ends  of  the  toes  are  turned  towards 
the  ground* 

Other  examples  of  the  effeots  of  paralysis  of  the  muscles  of  the  arm 
and  leg  are  given  in  the  illustrations  to  the  chapter  on  Infantile 
Pai-aiysis  (A;eote  Pulio-myeUtis>. 
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THE  ChBNEBAL  OOKBTITUTION  OF  THE  NEBYOUS 

SYSTEM.* 

OuB  oonoopiioiifl  of  the  ekmentaiy  arrangement  oC  the  neroiu 
ijstom  have  been  changed  daring  the  last  nine  years  by  important 
histologioal  diaooTeries^  whioh  dear  many  obscurities^  give  new  signi- 
fioanoe  to  facts  before  imperfectly  perceived,  and  involve  new  patho- 
logical conceptions,  general  and  speciaL  Although  new  difficulties  have 
arisen,  as  they  must  do  at  each  step  forward,  numerous  facts,  which 
before  were  mysterioufl,  become  intdligible,  and  their  elucidation  con- 
stitatee  confimation  of  the  truth  of  the  discovwies.  The  evidence 
has  been  received  as  adequate  by  all  physiologists.  Pathologists 
must  therefore  accept  them,  and  reconstruct  their  conceptions.  It  is 
aocordin^y  necessaxy  to  give  an  outline  of  the  constitution  of  the 
eerebro-si^nal  nervous  system  as  at  present  discerned,  even  of  that 
which  is  not  of  direct  present  application  to  pathology,  but  which  may 
become  so  and  is  essential  for  the  perception  of  the  whole.  The  facts 
have  been  found  also  to  be  true  of  the  sympathetic  system.t 

These  discoveries  are  the  result  of  a  method  of  metallic  staining, 
first  devised  in  detail  by  Gk)lgi  of  Pavia,  in  which  silver  is  reduced  in 
the  structures  that  have  been  impregnated  with  chromium  during 
hardening,  and  usually  also  acted  on  by  osmic  acid.  It  displays  the 
minute  sirocture  of  the  grey  matter  with  a  distinctness  and  in  a 
manner  that  reveal  facts  before  altogether  unseen. 

Almost  the  first  definite  steps  were  the  results  obtained  in  the  Inver- 
tebrata  by  Nansen,  before  he  turned  his  face  from  polar  cells  to  Polar 
seas.  But  the  first  important  disclosures,  which  involved  the  radical 
change  in  conception,  weredue  to  Bamon  y  Cajal  of  Barcelona  %  and  to 
the  veteran  v.  Kolliker,§  supplemented  and  diffused  by  Waldeyer.|| 
Since  1890  there  has  been  incessant  work  at  the  subject,  and  y  Cajal 
has  presented  to  us  the  chief  facts  that  had  then  been  ascertained,  in 
the  Croonian  Lecture  to  the  Uoyal  Society  in  1895. 

All  nerve-fibres  are  prolonged  processes  of  nerve-cells.  They  consist 
of  an  axis,  with  a  "  medullary  sheath  "  around  it  when  the  course  is 
long,  either  within  or  outside  the  central  organs.    Most  cells  have  but 

*  The  interpolation  of  this  fteeonnt  of  the  recent  rerotattOD  In  fnndsmental 
elements  of  our  knowledge,  although  not  quite  eonststent  with  tlie  phin  of  the  hook, 
eeeme  the  moet  eonrenlent  waj  of  pfeecnting  the  facts  to  the  re«d«-r.  They  pass 
heknr,  aad  rine  above^  the  range  of  praetieal  knowledge  which  can  he  nied  in  common 
work,  sad  yet  are  obanging  onr  physiological  and  pathological  oonceptions  in  a  manner 
and  degree  which  most  be  adcqaately  recognised,  although  much  of  their  elfert  is 
•till  nnrertain. 

t  ▼.  Keitiker,  •«  Hiatol.  Mittheil.,"  •  Wanbnrg.  Sitsung»h.,'  Not.  28rd,  1889. 

X  Prevloasly, '  Internet.  Momitschr.  f.  Anat.,'  1890,  Bd.  TiL 

I  Loccit 

I  'Berlin,  med.  Woohensehr.,*  1891,  No.  28. 
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one  Buch  medullated  process,  larger  thaa  the  others ;  some  have  twa 
The  other  processes  are  short;  thej  soon  divide  and  branch  within 
the  grej  substance :  the  long  medullated  processes  also  at  last  end 
by  diyiding  and  ramifying. 

The  conception  formerly  held  may  be  thus  stated.  Of  the  ultimate 
diyisions  of  the  short,  quickly-branching  processes  in  the  grey  matter, 
some  had  been  thought  to  join  the  terminations  of  similar  processes 
from  other  cells,  either  neighbouring  cells  in  the  grey  matter,  or  the 
terminal  branches  of  medullated  nerve-fibres,  processes  of  ceUs  far 
away.  Thus,  of  the  motor  cells  of  the  spinal  cord,  Bome  of  the 
processes,  passing  backwards,  were  believed  to  join  those  of  sensory 
cells  in  the  posterior  comua,  of  which  the  medullated  process  was  a 
fibre  of  the  posterior  root.  The  constituent  elements  of  the  nervous 
system  thus  formed,  by  branch  union,  one  continuous  complex  net- 
work, with  paths  for  the  nerve-impulses,  due  to  union  and  continuity 
of  the  cell-processes.  The  paths  in  actual  use  were  determined  not 
only  by  such  union,  but  also  by  differences  in  "resistance'*  among 
those  which  continuity  provided.  The  "resistance,"  which  thus  per- 
mitted an  energetic  impulse  to  spread  more  widely  than  a  slighter 
one,  was  varied  in  degree  by  functional  activity;  it  was  diminished 
by  the  repetition  of  the  same  activity,  and  it  was  also  varied  myste- 
riously by  other  nerve-impulses  from  various  sources  It  might  thus 
be  increased  so  as  to  "inhibit"  action.  In  so  far  as  any  attempt 
was  made  to  conceive  its  seat,  it  was  thought  of  as  in  the  cells,  or  in 
the  f  eltwork  of  uniting  processes  in  the  grey  substance,  called  "  spongy," 
from  its  blending  trabeculoB. 

Much  of  this  conception  is  retained.  But  the  more  the  methods  of 
examination  were  improved  actual  union  of  the  branches  of  cell-processes 
became  less  perceptible  under  the  microscope.  The  development  of  the 
use  of  staining  agents,  especially  metallic,  has  increased  the  power  of 
discrimination.  Variety  of  aspect  can  be  thus  produced  in  structural 
elements  that  before  were  indistingoishable.  By  the  use  of  such 
methods,  and  especially  that  of  GK>lgi,  the  branches  of  the  processes 
and  fibres  have  been  clearly  traced,  and  they  have  been  found  not  to 
unite.  They  are  distinctly  seen  to  end  in  the  structural  material  in 
which  the  nerve-cells  lie,  sometimes  by  an  enlarged  knob-like  extremity, 
sometimes  by  a  point.  Often  the  branches  cross  and  even  interlace, 
with  the  semblance  of  union,  but  dose  observation  shows  that  it  is  a 
semblance  only.  Discontinuity  is  found  to  be  the  general  rule. 
Whether  invariable  or  not  is  stiU  undecided;  it  is  most  difficult  to 
exclude  union  in  the  dense  felt  of  fibrils  which  the  branching  processes 
form  in  some  parts,  the  "  neuro-pilema "  of  His,  and,  moreover,  the 
general  rule  of  free  endings  is  compatible  with  occasional  actual 
union.* 
From  this  it  follows  that  the  **  nervous  system  "  consists  of  disoon^ 

•  Cf.  Madot, « Aroh.  da  BioU'  1892 1  FritMh*  'Brit  Auoc  Report,'  1808. 
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tmnonfl  elements,  each  a  ceU^bodj  with  its  processes^  long  and  short. 
For  these  elements  the  name  "  neuron,"  proposed  bj  Waldejer,*  has 
been  all  but  uniyersallj  adopted ;  for  distinctiTeness,  its  plural  is 
formed  according  to  the  liying  language,  and  not  the  classical  f orm^ 
in  English  it  is  "neurons,"  in  Gterman,  "neuronen,"  in  French^ 
<*  neurones.''  The  chief  process,  the  medullated,  or  axis-cylinder  process, 
is  called  the  **  axon,"  or  "  axis-process." f  The  branching  processes  in 
the  giej  matter  are  tenned  the  "  dendrons,"  the  branches  of  these 
-•dendrites."  J 

From  the  axons  there  often  spring  fine  fibres,  which  pass  off  at 
right  angles,  termed  "  collaterals  "  bj  Bamon  j  Oajal,  the  relations  of 
which  are  imperf ectlj  known.  Thej  have  bean  seen  to  end  by  a  T-lika 
division  and  ultimate  branching. 

'  The  definite  and  extended  discernment  of  another  &ct  deepens  the 
importance  and  apj^cation  of  that  just  described. 

Thirty  years  ago§  Max  Schultse  discoyered  and  depicted  the 
tact  that  the  axis-cylinder  is  compound  and  not  simple,  that  it 
consists  of  a  large  number  of  fibrils,—"  primitiTe  fibrils,"  he  termed 
them.  He  pointed  out  that  they  could  be  traced  throughout  the 
fibre,  separated  by  a  finely  granular  substance.  They  could  be  well 
seen  where  the  axis-cylinder  widens  in  joining  the  nerve-cell,  that 
is,  where  the  cell  narrows  into  its  chief  process.  Others  could  not 
see  the  significant  striation,  among  them  Banvier,  whose  work  domi* 
nated  science  throughout  the  next  fifteen  years,  ||  and  the  fact  was 
practically  ignored.  The  axis-cylinder  was  regarded  as  simple  and 
integral,  until  recent  methods  have  enabled  the  clear  establishment  of 
the  correctness  of  Max  Schultze's  observations.  The  number  of 
fibrils  that  constitute  an  axis-cylinder  is  considerable.  Obersteiner 
has  f oimd  that  there  are  about  fifty  in  an  axis-cylinder  of  the  sdatio 
nerve  of  the  frog.f 

•  Loe.  dt 

t  BecaoPtt  the  *  axon  "  It  tb«  Mpamte  *  nerra,**  wben  one  sxlsts,  an  attanpl 
baa  been  made  to  make  enrrent  the  oae  of  "  nenron  "  for  thia  alone.  Bat  etjmo* 
logical  coniUteney  baa  little  iiiflnenoe  on  tbe  vitality  of  namea.  The  nae  of 
*  neuron  "  for  tbe  wbole  element  baa  become  ao  general  tbnt  reaiatHnce  to  itia  fntile. 
Moreover,  tbe  conception  attached  to  it  In  nae  Sa  already  definitely  detached  from 
Ita  efymology.  Lastly,  althoagb  tbe  celUbody  and  its  proceases  are  one,  to  have 
only  tbe  word  "  cell "  for  the  wbole  element,  a  word  that  will  atill,  inevitably,  be 
applied  to  the  cell-body,  leavea  the  latter  without  nominnl  distinction  from  the 
other  two  pari  a  of  tbe  element — the  neuron  and  the  dendrons.  Hence  the  word 
«•  neuron  "  ia  here  need  in  the  eatabliabed  senses. 

X  "  Dendrite  "  has  also  been  used  a«  equivalent  to  "  dendron,"  and  atill  Isi  but  tbe 
need  for  distinguishing  the  twi^rs  from  the  process  itself  makea  it  highly  probable 
that  tbia  couTenient  separation  of  the  words  will  become  universal. 

I  In  1868 1  see  Strieker's  *  Histology '  (New  8yd.  Soc  trana.).  Tbe  obMrratloiis 
were  confirmed  by  Babnohin  In  1868  and  1869. 

I  See  further  on  Structure  of  tbe  Kervea,  p«  62. 

f  Ptsraonal  communication. 
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These  flbxila  conmst  of  a  conducting  tubstance,  tlie  ^*  hjaloplasm** 
of  Leydig  and  Nanaen  (so  termed  from  its  greater  tranBlnoency  in 
hardened  tistue).  This  is  isolated  by  a  dighily  gnuralar  material* 
distinguishable  chiefly  by  its  djif erenoe  of  aspect  and  staining  after 
the  changes  produced  by  hardening  agents.  It  has  been  termed  the 
" spongioplasm *' — "plasm"  because  it  also  has  a  soft  eomsistenee, 
"  spongio  '*  because  it  is  said  to  form  trafaeculn,  which  constitute  the 
chief  element  in  the  groimd  substanoe,  or  matrix,  of  the  "  spongy  '* 
grey  substance*  in  which  the  cells  lie  and  their  processes  branch. 

From  this  compound  constitution  of  the  axis,  we  must  infer  that  its 
terminal  diyision  into  branches  is  merely  the  separation  of  these  fibzils» 
first  into  groups,  and  at  last  into  single  fibrils — "  primitiye  fibrils."  It 
is  so  at  the  periphery  and  in  the  grey  matter.  The  final  twigs  may 
be  termed  "  axites/*  if  a  special  designation  seems  needed.t 

The  short  branching  processes  have  been  found  to  consist  of  similar 
fibrils,  and  this  is  true  also  of  those  supposed  to  be  extensions  of  the 
substance  of  the  cell,  and  therefore  called  "  protoplasmic  processes." 
This  name  should  be  given  up  with  the  conception  attached  to  it. 
The  opinion  that  their  function  is  to  conyey  nutritiye  material  to  the 
cell-body  was,  indeed,  never  more  than  an  hypothesis,  resting  on  no  real 
foundation.^ 

With  the  recognition  of  the  fibrillary  constitution  of  the  axon  and 
dendrons,  has  been  associated  an  equally  important  recognition  of 
the  fact  (most  clearly  depicted  by  Max  Schultze  §)  that  their  fibrils 
pass  through  the  body  of  the  nerre-cell  without  interruption.  Those 
of  the  axon  diyerge  to  pass  to  the  seyeral  dendrons,  but  those  of 
the  latter  do  not  pass  all  to  the  axon.  Some  pass  directly  to  other 
dendrons,  so  that,  in  such,  there  must  be  conduction  from  the  cell 
as  well  as  towards  it.||  MoreoYcr,  both  y  Oajal  and  KoUiker  hare 
obserred,  in  certain  cells  of  the  cerebellum,  all  the  fibrils  of  an 
axis-cylinder  pass  directly  to  a  dendron,  scarcely  entering  the  body  of 
the  cell. 

Twigs  from  such  processes  of  small  cells,  especially  in  the  Inver- 
tebrata,  have  been  said  to  join  the  elements  of  the  neuroglia.^    The 

•  Apathy,  <  Biol.  Ceutt  albl.,'  18B9.  The  term  *'  spongy  grey  lubataace  *'  wit 
before  in  use  on  account  of  the  sponge-like  interUcetnent  of  the  ceU-prooewet. 
The  conception  attached  to  it  hat  thus  become  somewhat  confused. 

t  Especially  since  one  writer  has  termed  them  neurites,  which  would  be  oonfnsing 
unless  the  axls-proceps  were  termed  the  **  neuron/'  as  it  certainly  will  not  be. 
The  only  proper  use  of  this  word  (neurites  or  neuronites)  would  be  for  the  terminal 
twigd  in  general. 

X  That  these  dividing  branches,  long,  and  not  obyionsly  permeable,  should  be  the 
channels  by  which  the  cell  receives  that  which  could  pass  directly  through  its  walls, 
was  simply  a  positive  inference  from  the  negative  fact  that  no  other  function  was 
obvious.  That  we  must  cease  to  consider  these  processes  **  protoplasmie"  and 
nutritional  was  intisted  on  in  1800  by  Rabl  Buckhardt  (*  Neurolog.  Centralb.'). 

§  Loc.  cit. 

II  V.  KolUker,  •  Wortzburg.  Sitzungsb./  Nov.  28rd.  1889. 

%  Aiuoug  otliers  by  Ladowitky, '  Verhandl.  Med.  Congress/  Berlin,  1890,  U,  OS. 
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&ct  IB  ill  hamumy  irith  the  origin  of  both  from  the  same  embrjonal 
tiasne.  Tiie  diif erentiatioii  of  the  nerre-elemeiite  from  this,  maj  leare 
some  Uending  of  stmcture.  It  must  be  remembered  that  there  is 
much  imoertainty  regarding  the  nature  of  many  of  the  smaller  cells, 
and  it  is  oonceiTable  that  some  are  nerrous  and  some  neuroglial,  and 
that  there  may  not  be  always  actual  separation  of  their  connections. 

An  essential  difference  between  the  axon  and  the  dendrons  cannot 
as  yet  be  established.  Branching  does  not  differentiate  them,  for  the 
axon  also  branches  after  a  longer  course.  Nor  does  either  multiplicity 
or  length.  The  cells  of  the  posterior  ganglia  of  the  cord  hare  but  one 
axon  and  one  dendron,  united  for  a  short  distance  as  the  single  process 
of  the'*  unipolar  "  celL  These  two  processes  are  of  nearly  equal  length 
in  the  case  of  those  cells  that  give  rise  to  the  fibres  of  the  posterior 
median  column ;  these,  reaching  the  cord  by  the  posterior  roots,  ascend 
to  the  lerel  of  the  medulla,  while  the  other  division  of  this  cell-process 
probably  comes  from  a  muscle  as  far  away.  We  see  also,  in  this 
instance,  the  absence  of  any  real  distinction  from  the  direction  of  con- 
duction. Although  the  axons  of  the  motor  cells  conduct  from  these, 
so  also  must  some  of  those  dendrons  to  which  fibrils  pass  from  others. 
MoreoTer,  in  the  case  of  the  posterior  root*fibres  which  go  to  the  local 
grey  matter,  the  long  fibre  from  the  periphery  conducts  towards  the 
cell ;  the  shorter  fibre,  which  soon  branches  in  grey  substance,  con- 
ducts from  it.  Opinions  may  dxR&r  as  to  which  shoi^d  be  regarded  as 
axon  sjid  which  as  dendron,  but  analogy  suggests  that  the  latter  should 
be  that  which  soon  ends  in  the  grey  substance.  But  it  is  difficult  to 
aToid  regarding  each  fibre  of  the  cells  related  to  the  posterior  median 
column  as  an  axon.  There  is  no  reason  for  regarding  either  a  dendron 
or  an  axon  as  an  essential  element  of  a  cell.  Yet  the  distinction  is 
necessary,  and  the  general  application  of  the  names  is  justified  by 
the  common  difference  between  the  one  medullated  process,  which 
passes  out  of  the  grey  matter,  and  the  other  numerous  processes,  which 
are  not  medullated,  and  soon  diyide  within  the  grey  substance. 

The  extent  to  which  the  physiology  of  the  nervous  system  is  mf  erred 
from  its  minute  anatomy,  is  illustrated  by  the  revolution  in  our  con- 
ceptions produced  by  the  discovery  of  the  discontinuity  of  its  elements, 
the  fibrillary  constitution  of  the  conducting  structures,  and  the  course 
of  the  fibrils.  These,  passing  through  the  nerve-cells,  without  inter- 
ruption, can  merely  conduct  tljrough  the  cell-body  as  they  do 
elsewhere  in  their  course.  With  this  fact  disappears  the  old  idea,  so 
simple,  apparently  so  adequate  and  reasonable  from  its  superficial 
analogies — ^the  idea  that  the  nerve-cells  are  the  seat  of  the  production 
of  nerve-impulses,  that  in  them  "  nerve  force  *'  is  generated  from  the 
latent  energy  stored  in  the  nutritional  compounds  which  have  entered 
into  their  constitution.  But  we  cannot  have  such  generation  where 
the  fibrils  are  continuous.  For  it,  we  must  look  to  their  extremities, 
fonnarly  supposed  to  be  in  the  cell-body,  now  perceived  to  be  in  the 
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"  spongy  grej  substance."  The  process  must  be  where  the  continuous 
fibrils  begin  in  the  centre,  as  it  is  in  the  skin  and  other  parts  of  the 
periphery,  in  the  cajse  of  fibrils  that  conduct  thence.  As  all  the  nerve- 
impulses  that  reach  the  centres,  through  which  external  influences  act, 
and  the  environment  is  perceived,  originate  in  the  minutely  separate 
nerve  material  at  the  extremity  of  the  afferent  fibrils,  so  iJl  the  out- 
going impulses,  and  those  whidi  pass  from  one  part  of  the  centres  to 
another,  originate  in  their  special  form  at  the  analogous  extremities  of 
the  fibrils  in  the  grey  substance.  We  must  conceive  these  impulses 
arising  in  the  extremities  of  the  "  ceUulipetal  **  dendrites  (to  use  the 
somewhat  cumbersome  term  of  v.  EoUiker),  being  excited  in  some 
way  by  the  stimulus  of  the  impulses  which  reach  the  contiguous 
extremities  of  other  "  celluHfugal "  fibrils,  dendrites  or  branches  of 
the  axon  of  a  distant  cell.  The  incoming  impulses  may  excite  those 
that  go  out,  as  impulses  are  excited  at  the  periphery  by  other 
forms  of  energy ;  or  there  may  be  a  process  of  conduction,  through 
the  intervening  ground-substance, — ^the  matrix  in  which  the  cells  lie 
and  the  dendrites  end.  For  the  increase  in  the  amount  of  nerve- 
energy  which  often  takes  place,  there  must  be  more  than  conduction, 
its  production  must  be ''  excited  "  by  that  which  is  conducted.  We  can 
conceive  such  excitation  without  continuity,  especially  when  we  con- 
sider that  the  stimulation  of  muscular  protoplasm  is  by  the  impulses 
in  nerves  which  terminate  on  the  fibres,  and  not  in  continuity  with 
the  contractile  substance — indeed,  separated  from  it  by  a  structure 
apparently  quite  different  in  its  simpler  nature. 

If  this  conception  of  the  origin  of  the  impulses  in  the  terminations 
of  the  fibrils  seems  less  easy  than  their  origin  in  the  more  masmve 
nerve-cells,  we  must  remember  how  multiplicity  neutralises  minuteness. 
Indeed,  the  minuteness  of  the  conducting  fibrils  almost  involves  a 
multiplicity  of  minute  sources  of  nerve-impulses, — ^which  must,  more- 
over, be  far  from  minute  in  comparison  with  the  molecules,  from  the 
latent  energy  of  which  the  impulses  proceed.  All  modem  discoveries 
prepare  us  for  finding  every  mass  to  be  an  abrogation,  and  each 
perceptible  quantity  of  energy  to  be  made  up  of  minute  constituents, 
every  one  of  which  is  definite,  both  in  its  separate  character  and  in 
its  contribution  to  the  effect  of  the  whole.  The  finely  divided  nerve- 
substance  will  constitute  a  total  source  of  energy,  as  adequate  in  extent 
as  a  nerve-cell,  with  a  more  obvious  facility  for  th^  renewal  of  the 
molecules  lost  in  functional  action,  and  far  greater  opportunity  for 
varying  relation  to  the  stiTictiires  from  which  the  impulses  are 
received. 

What,  then,  is  the  function  of  the  nerve-cell  ?  The  one  certain  fact, . 
established  by  evidence  that  is  secure,  is  that  on  it  depends  the  Hfe  of 
the  nerve-fibres — the  vitality  of  all  the  processes,  equally  that  of  the 
dendrons  and  of  the  axon.  The  evidence  of  this,  the  immediate  degene- 
ration of  any  separated  part,  is  well  known.  It  is  less  conspicuous  in 
the  case  of  the  dendrons,  but  sufficiently  certain.     Hott  the  infiuenoe 
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is  exerted  ve  can  only  stirmise.-  The  nncleus  of  eyerj  cell  is  its  life 
centre,  and  iq  some  way  the  nutrition  of  the  protoplasm  is  determined 
bj  it.  The  cell-bodj  has  a  complex  structure,  ^Umlj  perceptible  by 
the  help  of  reagents,  at  present  beyond  our  practical  comprehension. 
One  distinct  fact,  howeyer,  is  that  the  protoplasm  of  the  cell,  extend- 
ing  into  the  narrowing  axon,  thins  away  between  the  outer  sheath  and 
the  white  subst&nce,  becoming  unrecognisable  until  one  of  the  many 
nuclei  is  reached.  Each  of  these  is  surrounded  by  like  protoplasm,  also 
thinning  of!  along  the  fibre  until  invisible.  It  is  certain  also  that  if 
the  cell-body  and  nucleus  are  destroyed,  or  the  fibre  separated,  the  pro- 
cess of  degeneration  begins  by  changes  in  these  nuclei.  They  seem  to 
be  concerned  in  canying  on  the  influence  of  the  distant  cell,  and  it  is 
not  easy  to  conceiye  any  other  path  for  this  influence  than  a  thin 
layer  of  protoplasm,  within  the  sheath,  continuous  from  nucleus  to 
nucleus,  vitally  influenced  by  these,  and  conveying,  by  its  own  nutri- 
tional state,  that  of  the  cell.  A  space,  in  this  position,  is  rendered 
visible  by  reagents  which  make  the  contents  of  the  sheath  shrink. 
Indeed,  coagulated  material,  in  small  quantity,  can  be  seen  within 
it*  This  has  been  regarded  as  evidence  of  the  presence  during 
life  of  such  a  space  as  is  here  assumed  to  contain  connecting  proto^ 
pLumou 

Ifanj  facts,  previously  obscure,  become  more  intelligible  in  the  light 
of  the  new  discoveries.  The  knowledge  that  the  cell  governs  the 
nutrition  of  the  fibire,  and  the  belief  that  from  it  proceeded  the  nerve- 
impulses,  involved  a  correspondence  in  the  direction  of  nutritional  in- 
fluence and  of  conduction,  and  it  was  found,  in  fact,  that  conduction  and 
degeneration  were  in  the  same  direction  as  a  rule — ^but  only  "as  a 
rule.'*  It  was  untrue  of  the  sensoiy  nerves.  These,  coming  from  the 
cells  of  the  ganglia  on  the  posterior  spinal  roots,  degenerate  downwards, 
but  they  conduct  upwards — an  anomaly  which  had  to  be  simply  ignored. 
The  fact  is  now  seen  to  be  in  harmony  with  others. 

The  arrest  of  secondary  degeneration  in  the  grey  matter,  the  fsud 
that  the  degeneration  of  the  fibre  which  enters  the  grey  matter  never 
passes  on  to  the  next  nerve-cell,  through  which  conducted  impulses 
must  pass,  was  mysterious  when  they  were  believed  to  be  in  continuity. 
The-  discontinuity  explains  it  at  once.  The  degeneration  is  limited  to 
the  single  neuron. 

The  division  of  the  axis-cylinder  at  its  terminal  ramification, 
whether  that  of  the  sensory  nerve  in  the  skin  or  of  the  motor  nerve  in 
the  muscle,  was  scarcely  intelligible  when  the  axis-cylinder  was  regarded 
as  a  single  conductiug  path ;  it  is  so  when  we  perceive  that  the  apparent 
division  is  simply  the  separation  of  its  constituent  fibrils,  each  a  dis- 
tinct conducting  path.  This  fact  is,  moreover,  especially  important  in 
relation  to  the  minute  localisation  of  the  various  forms  of  sensation  in 

*  Scbieiferdecker, '  Arch.  f.  mik.  Anati»'  xzz,  1887. 
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tbe  akia.     The  mnaorj  Hflrve-fibres  thmwlYM  ajra  no*  an 
€no«igh  ta  tabaerre  ihb  loealkatiaa,  whioh  oould  not  leiult  from  tba 
diviiioa  of  an  azb-ejlinder  that  ooodaoted  mi  a  whok. 

The  fMi  that  the  ipeciai  form  of  energy  termed  a  **  nar^^impnlee  " 
BAj  arise  in  a  fibre  in  its  oonrae  ander  the  action  of  a  attmnlue,  that 
the  capadtj  of  the  fibree  is  not  limited  to  ^  oondaotion,"  is  leas 
sorpriaing  if  we  eonoei?e  all  aooh  impnlaea  aa  produced  at  their 
eitremitiea. 

While  old  difBcoltieB  thna  diaappear,  and  rnaaj  facta  become  mme 
readily  intelligible,  ao  great  a  change  of  our  oonceptiona  inTohea 
new  diffieoltiea.  Not  only  are  the  atructorea  conoenied  moat  minute, 
bat  their  diaeenunent  dependa  on  the  nae  of  veagenta  iiiuch  reveal 
them  by  dereloping  differencea  in  aepeet  dne  to  dMmieal  changea; 
new  phyaioal  charaetera  haTO  been  produced  by  other  agents  ct 
the  aame  nature.  There  aeema  but  little  original  differenee  in  conaiat* 
ence  between  tbe  material  that  oonatitutea  the  conducting  kiib  of  the 
''primitiTe fibrila»"  and  that  of  the  aeparating  subatance.  Both  are 
apparently  almoat  diffluent  durii^  life^  and  are  indiatinguiahable 
phyaioally  until  their  difference  in  constitution  is  rerealed  by  the  action 
on  them,  firat  of  the  chemical  agents  that  harden,  and  then  of  thoae 
that  stain.*  Both  processes  inroire  molecular  chemical  changes,  which 
multiply  initial  differences,  and  leare  the  actual  amoimt  of  these  more 
obscure  than  we  are  apt  to  think. 

The  conducting  element  of  the  fibrils,  the  "  hyaloplasm,"  or  "  kine- 
toplasm,"  is  said  to  be  more  diffluent  than  the  separating  **  apcmgio- 
plasm,"  but  the  difference  may  be  chiefly  due  to  the  hardening  agenta 
used.  Continuous  within  the  tubules,  and  through  the  cell-body  into 
the  dendrons,  it  has  been  said  that  beyond  these  it  is  also  continuous 
with  similar  material  in  the  matrix  of  the  spongy  substance.  Into  this 
also  the  spongioplasm  is  said  to  pass  and  form  a  trabecular  structure. 
The  fact  that  the  fibrils,  as  stained  by  Qolgi's  method,  apparently  end, 
must  indicate  that  these  elements,  if  continuous  with  those  of  the 
matrix,  are  different  in  nature  in  some  degree.  The  difference  may  be 
much  exaggerated  by  reagents,  and  yet  sufficient  to  constitute  the 
functional  discontinuity  which  is  generally  assiuned  to  be  as  structur- 
ally absolute  as  it  appears  in  the  sections. 

Until  we  know  what  the  structure  of  the  matrix  is,  we  can  scarcely 
conjecture  the  nature  of  the  process  that  occurs  in  it  between  the 
dendrites.    "  Conduction  '*  may  have  been  too  readily  regarded  aa 

*  la  ooaneotioa  with  the  f«ot  that  moleouUr  differences  between  inbitftnoee 
apparently  the  tame,  even  when  examined  with  the  ntmoet  minntenese,  may  be 
revealed  by  staining,  the  faets  of  the  ooloar  photofpraphy  of  Catsag-ne  may  be 
noted.  The  waves  of  light  which  differ  only  in  rapidity  and  length,  hot  by  this 
excite  different  elements  of  the  retina,  rednoe  a  special  silver  sitlt  in  the  gelatine  film 
In  different  degree.  Sxtceincly  slight  as  roust  be  the  resulting  difference  in  the 
molecnles  which  b  produced,  it  sppnrently  suffices,  augmented  by  some  additiona) 
chemical  procesa,  to  mske  each  of  them  retHin  some  stains  and  not  others* 
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impo8aibIe,aiid  it  is  not  dear  that  actual  conduction  of  nenre-impnlses 
is  incompatible  with  the  augmentation  we  include  under  the  term 
''excdtation."  An  increase  must  occur  when,  for  instance,  in  many 
reflex  actions  thealEerent  impohw  that  reaches  the  spinal  oord  is  minute 
in  proportion  to  that  which  leaves  the  centre.  We  seem  thus  to  hare 
a  process  of  stimulation  comparable  to  that  in  the  cutaneous  nerves 
(themselTes  apparentlj  analogous  to  dendrites),  under  the  influence  of 
•ome  other  form  of  eneirgj  from  the  outside.  In  this  connection  it  is 
especially  noteworthy  that  many  dendrites  terminate  in  knob-like 
enlargements,  suggesting  receptive  functions. 

"We  do  not  know  the  nature  of  a  "nerve-impulse.**  We  must, 
however,  assume  that  it  is  energy  in  some  form  of  motion*  released 
from  that  previously  latent  in  the  nerve-substance,  apparently  the 
"kinetoplasm"  or  ''hyaloplasm.**  Chemical  change  occurs  by  which 
simple  compounds  are  formed,  as  in  all  similar  processes,  and  the 
simplest  conception  is  that  the  process  is  Uke  that  in  a  train  of 
explosive  material,  modified,  restricted,  but  perhaps  accelerated  by  the 
influence  of  life.* 

The  motion  of  a  touch,  which  acts  upon  the  nerve-endings  in  the 
skin,  reaches  them  by  passing  through  the  skin  as  the  simplest  form 
of  motion ;  so  also  pass  the  special  forms  of  wave  motion  that  con- 
stitute electricity  and  heat.  A  differentiation  of  the  nerve>ti8sue  in 
the  ending  seems  to  enable  their  molecules  to  receive  one  special  form 
of  motion  most  readily.  Hence  our  "  special  senses.*'  The  manner  in 
which  the  equilibrium  of  the  nerve-substance  is  disturbed  in  each 
doubtless  differs  much,  bnt  it  is  instructive  to  note  in  connection  with 
the  theory  of  the  nerve-impulse  just  suggested,  that  the  wave-motion 
of  light  seems  first  to  induce  recognisable  chemical  changes  in  material 
of  unknown  nature. 

•  Tblm  view  bms  bsen  dsrsloped  at  Isngth  in  the  writer^t '  Dynamies  vf  Ut%* 
hoodon^  CharehiU.  189^  hst  hm  clear^  itstsd  by  Hvtert  Spenoer, 
Bhlogj/  vol.  i.  186i. 


DISEASES  OP  THE  NERVES. 


GENERAL   PATHOLOGY. 

STBUonrBS. — Each  individual  fibre  oonsists  of  a  central  eorfib  or 
' azis-cjlinder/'  surrounded  by  the  "medullary  sheath,"  or  "white 
substance  of  Schwann/'  and  a  delicate  membranous 
sheath  enclosing  it.  The  axis-cylinder  is  the  func- 
tional element,  that  which  conducts  the  nenre  im- 
pulses. It  was  long  thought  to  be  homogeneous, 
conducting  as  a  whole,  like  an  insulated  wire,  but 
it  is  now  recognised  to  be  a  compound  structure^  in 
consequence  of  the  recent  researches  of  which  an 
account  has  just  been  given.  The  separate  "  primitive 
fibrils  "  of  which  it  consists  are  sufficiently  numerous 
to  be  of  great  physiological  importance,  an  axon 
according  to  its  size,  containing  apparently  from 
thirty  to  fifty  (see  p.  55).  They  were,  as  has  been 
stated,  described  thirty  years  ago  by  Max  Schultse ; 
but,  although  his  obs^rations  were  not  unconfirmed, 
those  investigators  whose  work  had  most  infiuence, 
notably  Ranvier,  failed  to  recognise  them.  The  axon 
has  been  practically  regarded  as  simple  until  the  last 
few  years.  Indeed,  the  methods  of  histological  inves- 
of  the  ti^ctu^  tigation  by  which  its  fibrillary  structure  can  be 
of  uerve-flbrwi.  I  recognised  are  still  outside  the  range  of  ordinaiy 
latea,  I II,"*  non*  microscopical  pathology.  For  this,  that  which  was 
mednlUted  fibre;  before  discerned  retains  its  importance,  because  it 
8,  iheath ;  M,  jg  g^jn  ^  ^^f.  ^^^^  -^  applied  to  morbid  changes, 
tnyellii,  or    white        ,^  ,   „  ,        ,   ..  ^*-.  ^.      -»^v  .  . 

•obstanoo      of      The  ''medullary  sheath  *'  (M,  Fig.  32)  consists  of 

Schwunn;  Acjixit-  myelin,  a  liquid  fatty  material,  supported  by  a  fine 
cfeuif 'n, "iodrj  iietworkof  homy  substance,  "neurokeratin."  This 
IS,  'incision  of  sheath  is  absent  in  the  "  non-meduUated  *'  fibres  of 
Schmidt.    (From  ^j^^  sympathetic.    A  delicate  membrane  surrounds 

"    preparation 


Pio.  32. — Diagrnun 


of 


the  nene-fihre  of  ^^®  white  substance,  the  *' primitive  sheath,"  or 
afnjj^.'tnined  with  "  neurilemma,"  or  "  sheath  of  Schwann  "  (S).  Nuclei 
o«mic  acid.)  ^^^  jie  at  intervals  within  the  sheath,  between  it  and 

the  myelin.  The  white  substance  is  interrupted  at  regular  distances 
by  what  are  termed  "nodes," — sometimes,  from  their  discoverer, 
"nodes  of  Ranvier"  (N).  The  end  of  each  portion,  or  *•  inter- 
node,"  is  enclosed  by  the  sheath,  through  which  the  axis-cylinder 
passes.    Between  the  inciunred  extremities  of  the  sheath  is  a  little 
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dear  oementiiig  substance,  shown  by  the  fine  dotting  in  the  figure. 
There  is  one  nucleus  (n)  to  each  intemode,  about  its  middle; 
hence  thej  are  sometimes  called  "intemodal  nuclei.**  Aroimd 
the  nucleus  is  a  little  protoplasm,  and  it  is  probable  that  a  rexy 
thin  layer  of  protoplasm  eTerjwhere  lies  between  the  sheath  and 
the  myelin  connecting  that  of  the  adjacent  nuclei,  and  these  with  the 
protoplasm  of  the  nerve-cells  (see  p.  59).  The  intemodes  are  shorter 
towards  the  termination  of  a  nenre.  It  is  important  not  to  confound 
these  divisions  with  other  imperfect  indentations  (IS,  Fig.  82,  I), 
often  called  the  ''incisions  of  Schmidt,"  or  "indentations  of 
Lautermann.*'^  These  are  oblique,  incomplete  divisions  of  the  white 
substance.  Ifany  exist  in  each  node.  They  are  believed  by  some 
histologists  to  be  of  artificial  origin,  but  their  uniformity  is  in  favour 
of  their  dependence  on  some  structural  feature. 

The  myelin,  Banvier  suggests,  must  protect  the  axis-cylinder,  since 
its  almost  liquid  consistence  will  diffuse  pressure  on  the  nerve.  Other 
possible  uses  it  subserves  may  be  suggested,  but  we  have  no  proof  of 
them.  The  nodal  segmentation  evidently  permits  nutrient  material 
to  reach  the  axis-cylinder. 

The  ''grey  fibres,"  or  "non-medullated  fibres,"  consist  of  an  axis- 
cylinder,  sheath,  and  nuclei  (Fig.  82,  UL),  but  contain  no  myelin. 
They  constitute  the  sympathetic  nerves,  but  some  (also  probably  sympa- 
thetic fibres)  are  found  in  all  the  spinal  nerves.  They  are  absent  from 
the  nerves  of  spedal  sense  except  the  olEaotoiy,  which  contains  no 
other  fibres. 

The  nerve-fibres  are  united  into  **  fasdculi  *'  by  delicate  nucleated 
connective  tissue,  and  these  fasciculi  are  similarly  connected  into  larger 
bandies,  while  the  whole  nerve  is  surrounded  by  a  dense  connective- 
tissue  sheath  or  **  perineurium."  TTnder  this  sheath,  and  extending 
between  its  lamellie  and  amongst  the  individual  nerve-fibres,  there  is  a 
lymph-space  lined  by  flattened  endothelial  cells,  which  probably  plays 
an  important  part  in  the  propagation  of  inflammation.  From  the 
perineurium  a  very  delicate  ''sheath  of  Henle*'  extends  on  to  the 
ultimate  divisions  of  the  nerve.  All  these  tracts  of  connective  tissue 
and  spaces  are  continuous,  and  they  convey  the  blood-vessels.  They 
also  contain  nerve-fibres,  "  nervi  nervorum,*'  which  are  derived  from 
the  nerve  itsellt  The  sheath  and  connective  tissue  of  each  nerve  are 
thus  part  of  the  area  of  distribution  of  its  own  fibres. 

Phtsioloot  07  Nsbvss. — ^The  first  great  fact  to  be  kept  in  view  is 
that  the  axis  of  each  nerve-fibre  is  the  prolonged  process  of  a  nerve-cell, 
the  wall  of  the  cell  and  process  being  continued  as  the  sheath  of  the 
asrve-fibreb  the  protoplasm  of  the  cell  becoming  less  and  less  as  the 
process  narrows,  and  the  white  substance,  the  medullary  sheath,  maldng 

*  Thtj  wtvs  flnt  daseribed  by  Sebmidfc  of  Kew  Orleani,  mad  Afterwards  by 
Ltntennnniu 

t  Horvley,  Boy.  Med.  and  Cbir.  Soe.,  Jannary  22nd,  188S. 
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its  appearance  when  the  narrowing  has  veduoed  the  prooess  almost  ta 
the  width  of  the  fibre.  This  medullarj  sheath  b^ins  in  the  layer  of 
protophuon  which  suironnds  the  axis  within  the  neurilemma,  and  which 
can  be  traced*  lessening  as  the  myelin  increases,  for  some  distance. 
Probably  it  does  not  entirely  cease  on  either  side  of  the  myelin 
(see  p.  59).  Thus»  in  the  medullated  fibres  there  is  a  continuity 
with  the  cell  of  the  axis,  the  neurilemma,  and  probably  the  protoplasm^ 
and  this  continuity  proceeds  from  the  fact  that  the  fibre  is  by 
development  a  part  of  the  cell;  while  it  is  moreover  found  to  be  so 
vitally,  throughout  life.  It  shares  aU  modifications  in  the  nutrition 
of  the  cell,  never  preserving  a  perfectly  normal  state  if  the  nutrition 
of  the  cell  is  changed.  Tet  the  rektion  is  less  simple  than  it  seemed 
when  the  axis  was  believed  to  be  but  an  attenuated  prolongation  of 
the  substance  of  the  cell.  It  has  been  pointed  out  in  the  last  chapter 
that  the  fibrils  which  constitute  the  axis  pass  through  the  cell  and, 
although  they  must  be  considered  part  of  the  cell,  we  are  led  to  look 
rather  to  the  protoplasm,  prolonged  along  the  fibre,  for  the  element  of 
vital  integrity — a  conclusion  in  harmony  with  much  elsewhere. 

The  function  of  nerve-fibres  is  seen  in  a  different  aspect  under  the 
light  of  the  new  investigation.  As  already  explained,  it  was  formerly 
thought  that  the  cells  produce  and  the  fibres  conduct  what  is  termed 
**  nerve-energy/*  although  fibres  also  can  generate  this  when  they  are 
stimulated,  and  ceils  conduct  the  impulse  that  passes  through  them.* 

The  fact  is  now  seen  to  be  that  the  nerve-fibrils  simply  conduct  when 
they  pass  through  the  cell-body,  as  they  do  elsewhere ;  and  it  is  con« 
spicuous  when,  for  instance,  a  bundle  of  fibrils  simply  skirts  the  edge  of 
the  cell-body  at  one  comer  in  passing  from  one  process  to  another,  as 
may  occasionally  be  observed. 

That  which  is  true  of  one  fibril  must  be  true  of  alL  The  relations 
are  too  fundamental  for  the  conception  of  differences.  If  any  fibrils 
began  or  ended  in  the  cell-substance,  all  would  do  so.  If  it  is  true  of 
some,  it  must  be  true  of  all,  that  the  function  of  the  cell  is  vital 
nutrition.  Where  the  fibrils  begin  as  such,  as  conducting  structures 
with  the  constitution  susceptible  to  the  same  changes  throughout^ 
whether  this  "  beginning  **  is  a  change  of  constitution  or  of  stmcturs 
— ^there  we  must  look  for  the  source  of  the  energy  that  is  conducted. 
But  we  have  not  yet  learned  how  to  look. 

The  division  of  nerve-fibres  where  they  terminate,  as  in  musde,  or 
begin,  as  in  the  skin,  must  be  regarded  as  separation  or  imion  of  axis- 

*  The  doable  ■imilarity  of  the  funedon  of  the  cells  and  tho  fibrM  was  f  urthsr 
Insisted  on  in  the  last  edition  of  this  book  in  words  that  are  worth  quoting,  beeaase 
thoy  Hhow  how  signifieant  are  the  facts  of  faoetion  ss  well  s«  of  stmctnret— 

"  The  prooeu  of  the  cell  it'telf  must  condnet,  and  the  cell  mset  itself  eondnol. 
Saoh  motor  cell  of  the  eord  is  part  of  the  path  throagb  wbieh  the  nerve-^iMrgy 
from  the  bmln  peasfs.  That  which  passes  through  moat  be  condacted,  hfywerer  it 
may  be  chansred  in  amount  Even  if  it  is  renewed,  we  eannot  so  distingnish  tbU 
f  nncUon  of  the  eell  from  that  of  tlie  flbre  as  to  say  that  there  Is  not  esoduoUoa.'* 
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flbnla  or  of  groups  of  thflniL  This  has  been  already  explained,  and 
other  points  haTO  beenmentumed  in  the  last  chapter  which  concern  the 
action  of  the  nerves,  in  so  far  as  this  can  be  discerned  with  distinctness. 

Lbsiohs  ov  KaBYis. — Seeofidary  Degeneraiifm. — ^A  nerre-fibre 
undergoes  destractiTe  changes  whenever  it  is  separated  from  the 
cell  from  which  it  springs,  i.  s.  the  body  of  the  cell  of  which  it  is 
vitally  a  part  Formerly,  importance  was  attached  to  the  fact  that  as 
a  rule  the  degeneration  is  in  the  direction  of  conduction,  t.  e.  from  the 
oell  from  which  the  nerve-fibre  conducts  nerve-impulses.  This  must 
be  so  because  each  fibre  belongs  only  to  one  cell.  The  fact  is,  however, 
oonspicuous,  because  it  is  only  in  the  long  axis-processes  that  the 
direction  of  degeneration  can  be  observed.  The  short  dendrons 
degenerate  from,  though  they  usually  conduct  towards,  the  cell-body ; 
and  so  also  do  the  long  sensory  fibres,  axis-processes  of  the  cells  of  the 
spinal  ganglia.  These  were  formerly  regarded  as  inexplicable  excep- 
tions to  the  correspondence,  when  the  impulses  were  thought  to  be 
produced  in  the  oelL  We  can  now  see  that  they  are  instances  of  the 
general  condition. 

The  degeneration  is  commonly  termed  "secondary,"  because  it  is 
dependent  on  a  "primary"  lesion  of  another  kind — as  division  or 
destruction  of  the  cell-body  of  the  nerre.  Degeneration  also  follows 
many  slighter  lesions  such  as  nerve  compression,  transient  or  exten« 
nve,  or  local  inflammation  and  the  like ;  and  this  may  differ  only 
in  degree  from  that  which  follows  division.  It  must  be  more  than 
a  difference  of  degree,  however,  when  there  is  no  recoveiy.  The 
secondary  degeneration  is  often  called  "  Wallerian,"  from  the  name  of 
the  pathologist  who  first  studied  it.  It  is  of  great  importance  practi- 
cally and  theoretically.  The  meduUaiy  sheath  breaks  up  into  segments, 
and  these  into  smaller  and  smaller  fn^iments,  and  the  minute  globules 
and  granules  are  ultimately  removed  from  the  nerve-sheath,  and 
when  the  degeneration  is  complete  the  axis-cylinder  also  perishes. 
The  process  is  not  one  of  mere  decay,  but  is  an  actire  one  in  which  the 
nuclei  of  the  fibres  and  their  protoplasm,  assume  an  exuberant  energy  of 
growth,  while  the  protecting  myelin  sheath  and  the  essential  conducting 
axis  perish,  apparently  at  the  same  tima  In  connection  with  this  it 
may  be  remembered  that  in  the  central  organs,  the  connective  tissue 
oveigrows  as  sclerosis  when  the  fibres  decay.  Deyelopmental  relations 
justify  us  in  connecting  the  two  sets  of  facts.  In  all  organs,  indeed, 
we  can  peroeiTe  the  fact,  though  most  clearly  in  the  nerve-structures, 
that  "parenchymatous  "  decay  and  adrentitial  growth  go  hand  in  hand. 

In  nerve-fibres  the  aspect  of  the  process  of  degeneration  can  be 
better  peroeired  than  in  any  other  structTr.es,  and  it  has  been  carefully 
studied  in  animals,  chiefly  by  Banvier.  The  most  important  facts  are 
illustrated  in  Fig.  88,  in  which  the  examples  have  been  selected  from 
BauTier^s  figures  and  reduced  to  one  tint.  First  of  all  the  nuclei 
are  inereased  in  liie  (An,  6 n) ;  the  amount  of  protoplasm  about 
VOL.  J,  6 
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them  is  greater  than  normal,  and  is  granular;   there  is  in  places 
a  local  increase  in  the  amount  of  protoplasm  within  the  sheath,  oom- 


Fia.  88. 


Fio,8i. 


|A   B 


Pio.  83.— A-J,  degeneration  of  nerve-ftbres  (otmio  sold  and  earniine 
•taining).  A,  from  sciatio  of  rabbit  four  days  after  tection}  B,  C«  aam^^ 
fifty  houri  after  section  $  D,  a  fibre  stained  with  carmine  only,  to  show  the 
azis-cylinder ;  B,  F,  G,  fibres  from  pigeon  three  days  after  section ;  H»  two 
fibres  from  pneumngastric  of  rabbit  six  days  after  section ;  J,  a  lymphatle 
cell  from  interstitial  oonnective  tissue,  containing  globules  of  myelin  which 
It  has  taken  np.  In  all  the  figures— »,  n,  nnclei ;  m,  m,  constrictions  of  the 
myelin  produced  by  the  growth  of  the  protoplHsm  j  aop  axis- cylinder* 

K.  L,  regeneration  of  nerve-fibres.  K,  from  pneumogastric  of  rabbit 
■e\  eiity-two  dxys  vfter  section  ;  L,  from  sciatic  of  rabbit  ninety  days  after 
section;  §,  rounded  end  of  white  substance  of  central  end  of  nenrej  «, 
sheath  J  na,  new  Hxis-cylinder.  In  L  are  two  globules  of  myelin  remaining 
from  the  degeneration  of  the  old  fibre. 

Pio.  84. — Degenerating  fibres  from  cutaneous  nervee  of  man.  (After 
Pitree  and  VHillurd.)  A,  from  near  a  bedsore  in  a  cnse  of  fracture  of  the 
skull ;  B,  C»  D,  from  the  fifth  nerve  in  a  case  of  neuralgia  and  ulceration  of 
the  lip;  n,  n,  nuclei.  In  A  the  protoplasm  and  nuclei  are  increased,  and 
the  myelin  is  breaking  up,  the  processes  having  proceeded  furthest  in  tbe 
neighbourhood  of  the  nucleus  in  the  middle  of  the  fibre ;  in  B  the  segmenta- 
tion has  gone  on  to  the  formation  of  globules,  which  in  C  are,  for  the  most 
part,  small,  and  many  have  been  removed,  so  that  the  fibre  is  nan-owj 
while  in  D  all  the  products  of  degeneration  have  been  removed  from  con- 
slderjible  trncts  of  the  sheath. 

pressing  the  myelin  (A  x,Bx,Ox).  The  nuclei  then  become  detached 
from  the  sheath ;  the  protoplasm  everywhere  increases,  and  encroaches 
on  the  myelin,  until  here  and  there  it  meets  across  the  tube,  com» 
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pletelj  sopaTatmg  the  myelin  (A»  lower  part ;  B,  upper  part),  and  iriiih 
the  myelin  the  azii-cylinder  (D).  This  process  then  goes  on  with 
increased  rapidity ;  the  myelin  is  broken  np  into  smaller  and  smaller 
fragments  (0,  E,  F),  which  become  globolar  in  the  watery  protoplasm, 
just  as  oil  forms  globules  in  water.  The  nuclei  meanwhile  continue  to 
enlaige,  and  then  diTide,  first  the  nucleolus  and  then  the  whole  nucdeus 
(F).  The  two  nuclei  may  again  divide,  until  (as  in  G)  there  are  four 
or  more  nuclei  in  each  intemode,  instead  of  one  only  as  in  health. 
The  small  globides  of  fatly  myelin  seem  to  become  changed  in  chemical 
composition,  since  they  are  stained  less  deeply  by  osmic  add.  Banyier 
suggests  that  their  fatty  matter  may  undergo  a  process  of  saponification. 
Ultimately  they  seem  to  pass  through  the  sheath,  are  taken  up  by  oon- 
nectiTo-tiasue  cells  and  lymphatic  cells  in  the  vicinity  (as  in  J),  and  are 
gradually,  for  the  most  part^  removed.  By  the  time  the  myelin  is  in 
small  globules  the  nuclei  cease  to  multiply.  On  the  removal  of  the 
products  of  degeneration  the  sheath  shrinks,  and  looks  empty  in 
places ;  but  here  and  there  it  is  enlarged  by  the  nuclei,  protoplasm^ 
and  a  few  remaining  myelin  globules  (H).  Hence  in  transverse  section 
many  small  sheaths  are  seen,  with  a  few  of  larger  size  where  they  have 
been  cut  across  at  these  swellings. 

In  the  rabbit  the  first  changes  are  visible  at  the  end  of  twenty-four 
hours ;  the  first  complete  interruption  of  the  myelin  and  axis-cylinder 
occurs  about  the  end  of  the  second  day;  the  process  of  destruction  is 
considerably  advanced  at  the  end  of  the  fourth  day,  and  is  fimshed, 
and  the  multiplication  of  the  nuclei  ceases,  towards  the  end  of  the 
second  week.  In  peripheral  nerves  the  changes  seem  to  -progrean 
from  the  lesion  to  the  periphery,  but  within  the  central  nervous 
Sfstem  they  are  said  to  begin  at  the  same  time  in  all  parts  of  the 
fibre.  It  is  uncertain  to  what  extent  this  difference  is  real  or  is  only 
apparent,  but  the  process  goes  on  most  rapidly  at  the  periphery. 

At  the  end  of  the  second  day,  in  the  rabbit,  stimulation  of  the 
nerve  by  electricity  below  the  lesion  no  longer  causes  muscular  con- 
traction, the  disappearance  of  electrical  excitabilily  coinciding  with  the 
first  complete  segmentation  of  the  myelin  and  axis-cylinder. 

A  curious  fact,  unfortunately  more  interesting  in  pathology  than  in 
practice,  is  that  the  degeneration  of  a  divided  nerve  does  not  occur  if 
the  ends  are  brought  quickly  into  perfect  apposition.  *It  is  so  in 
animals,  and  probably  also  in  man.*  Immediate  replacement  may 
occur  in  some  incised  woimds,  and  thus  the  fact  is  explained  that 
ample  divinon  is  a  less  serious  injury  than  a  grave  contusion. 

The  axis-cylinder  seems  thus  to  undergo  these  changes  as  a  whole, 
although  we  know  that  it  is  a  groupof  fibrils.  But  we  have  seen  that 
the  conducting  substance  of  these  fibrils,  and  that  which  separates  it 
(and  may  be  conceived  as  analogous  to  the  myelin  around  the  whole 
axis-qrlinder),  differ  but  slightly  in  consistence.  Both  are  nearly  fluid, 

•  8m  Bowlby, '  iDJoriat  and  Diiecsei  of  Nerves,'  p.  81. 
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and  flo  breakup  into  globalei,aitboiigli  theydilEer  in  oooBtitntioiiiii  ft 
maaner  and  degree  that  aabserve  entire  difference  in  function*  and 
permit  reagents  to  produce  artififiial  diffiereBoes  in  aspect  and  cha- 
racters misleading  if  simplj  transferred  to  the  liTiQg  state,  and  jet  the 
revelation  <^  an  essential  difference  of  absolute  importanoe. 

l%e  process  is  thus  the  result  of  an  actire  growth  of  the  nuclei  and 
protoplasm  of  the  nerve,  i.  e.  of  the  cellular  elements  of  which  the 
nerve  is  composed.  Why  does  this  occur  ?  The  determining  cause  is 
the  interruption  of  the  continuitj  with  the  oell-bodj  or  the  destruction 
of  this.  Banvier  connects  the  destructive  growth  of  the  protoplasm 
with  the  loss  of  function  in  the  axis,  and  suggests  that  normallj  the 
activity  of  this  restrains  the  vital  energy  of  the  cell-elements. 

These  changes  are  often  attended  with  others  outside  the  fibres, 
such  as  we  regard  as  evidence  of  infiammation.  Several  observers 
have  described  increase  of  nuclei  and  accumulation  of  leucocytes  in  the 
interstitial  connective  tissue,  and  ev^i  in  the  nerve-sheath,  with 
dilatation  of  the  blood-vessels.  Such  changes  are,  indeed,  intense  at 
the  primary  lesion ;  their  degree  in  the  nerve  below  the  lesion  varies 
and  seems  to  be  proportioned  to  that  in  the  primary  process.  This  is 
another  mode  of  statini^  the  important  fact  that  the  ttrUative  character 
of  the  teotndary  process  is  determined  by  the  irritative  nature  of  the 
primary  disease.  We  may  say,  if  we  like,  that  in  the  slighter  degrees 
it  is  distinctly  inflammatory  in  aspect  in  propoition  to  the  signs  of 
inflammation  at  the  primary  lesion.  But  this  is  only  another  mode  of 
stating  one  part  of  the  general  fact,  and  the  importance  of  the  ti-ansmis- 
sion  of  the  character  of  the  process  cannot  be  too  strongly  insisted  on. 

The  process  of  secondary  degeneration  occurs  more  slowly  in  the 
rabbit  than  in  a  bird,  and  seems  to  be  still  slower  in  man,  in  whom  it 
is  probable  that  complete  segmentation  does  not  occur  until  between 
the  fourth  and  eighth  days.  It  is  certain  than  an  identical  process 
occurs  in  man.  Changes  in  peripheral  nerves  near  bedsores  and  in 
the  fifth  nerve,  found  by  Pitres  and  Yaillard,  are  shown  in  Fig.  84,  a 
comparison  of  which  with  Fig.  33  will  show  the  identity  of  the  process. 
It  is  highly  probable  that  after  complete  division  of  a  nerve  in  man  the 
changes  aa-e  the  same  as  in  animals.  But  the  most  common  lesion  is, 
or  involves,  inflammation,  and  the  process  of  degeneration  is  thus 
greatly  modified  by  the  character  of  the  primary  lesion,  and  in  time  as 
well  as  in  character.  In  the  latter  cases,  which  are  chiefly  those  of  focal 
neuritis,  the  process  cannot  be  the  same  as  that  which  foUows  sec- 
tion of  a  nerve.  The  change  in  irritability,  which  will  be  more  fully 
described  in  the  account  of  the  symptoms,  is  a  slow  depression,  some- 
times moderate  in  degree.  The  depression  may  be  preceded  by  an 
increase  in  irritability.  In  such  casep  Ihere  can  be  no  complete  s^- 
mentation  of  the  nerve-fibree.  There  must  be  a  gradual  alteration  in 
the  motocttlar  nutrition  of  the  axis-cylinder,  changing  its  excitability. 
Even  in  severe  cases  there  is  not  usually  a  sudden  loss  of  irrita- 
bility ;  the  cuiTont  necessary  for  stimulation  has  to  be  made  stronger. 
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uniil  a4  hst  ]A80feaar«iglit  dftjt  the  strongest  endurable  ourxeat  faili 
to  cause  miuaalar  oontractioiL  But  we  cannot  infer,  from  this  alone^ 
that  there  is  an  actual  interruption  of  the  azis-cjlinder.  A  stronger 
curreat  might  still  excite  the  nerye,  because*  as  we  shall  presently  see^ 
when  a  nerre  is  being  regenerated,  an  axis-cylinder  may  oonduct^  and 
still  not  be  excitable  by  currents  of  ordinary  strength. 

All  soTere  changes  in  the  nutrition  of  iJie  fibres  involye  the  intra- 
muscular nerre-endings  in  the  same  d^pree.*  The  evidence  of  this  is 
that  the  faradio  irritability  of  the  muscles  (which  depends  on  the 
nerves  within  them)  presents  changes  quite  similar  to  those  of  the 
nenre-trunk.  But  this  is  not  always  true  in  slight  changes  of  nutrition 
of  the  nerre.  We  shall  presently  see  that  the  slight  alterations  of  irri- 
tability in  the  nenre  and  muscle  do  not  always  correspond.  The  nerves 
terminate  in  structures  of  special  nature*  and  these  may  well  have  some 
slight  degree  of  nutritional  independence. 

These  secondary  destructive  changes  occur  in  the  peripheral  part  of 
the  divided  nerve.  But  the  part  that  remains  continuous  with  the  cell 
does  not  always  preserve  a  normal  state.  Changes  occur  in  it,  espe- 
cially near  the  lesion,  which  are  stiU  the  subject  of  study,  and  of  which 
more  must  be  known  before  their  significance  can  be  determined.  In 
a  divided  nerve  the  changes,  which  are  mainly  those  of  ordinary, 
often  incomplete,  degeneration  in  isolated  axis-cylinders,  affect  the 
oentripetal  (sensory)  fibres  far  more  extensively  than  the  centrifugal. 
Later  on  the  cells  connected  with  both  suffer,  the  nucleus  shrinking 
and  the  protoplasm  to  some  extent  becoming  di8integrated.t 

Begeneraiian  may  occur  in  the  nerve  after  the  degeneration  is  over. 
It  is  a  slow  process,  occupying  the  second,  third,  and  fourth  month 
after  division.  According  to  Ban vier,  and  as  Waller  thought,  it  occurs 
always  by  the  growth  of  new  axis-cylinders  from  the  central  end  of  the 
nerre  (see  Fig.  83,  EI  and  L),  which  ultimately  become  covered  with 
myelin.  One  or  more  new  fibres  may  spring  from  each  central  fibre, 
and  these  may  subdivide.  All  are  enclosed  in  a  sheath  which  is  con- 
tinuous with  that  of  the  central  end  (Fig.  83,  K,  «.) .  We  must  assume 
that  only  some  of  these  aiis-cylinders  persist  and  achieve  functional 
permanence*  But  the  whole  of  this  subject  needs  re-investigation  in 
the  light  of  the  multiple  constitution  of  the  axis-cylinder.  {  Some- 
times these  fibres  twist  about,  and  even  turn  back  and  grow  upwards, 
probably  in  the  direction  of  least  resistance.    In  animals  new  fibres 

•  fnny  dsteiibed  and  flgared  by  Babes  and  HsriMesoo,  *  Babes'  AUm  Path, 
Hiatol.  dee  NerfvmjrvfteiiM,'  part  L 

t  See  Homea, « Ziegler^t  Beitiige,'  TiH,  and  •  Babee"  Atlas,'  part  S.  B.  A.  Ftemlnff 
(*  Brit.  Med.  JoBTB.,'  1898,  il,  p.  918)  lays  great  stress  on  tbe  degeneration  of  the 
flue  (▼aso-motor  P)  Sbrte  above  tbe  lesion,  and  describes  also  a  contiderable  con- 
aeHive-tiiBQe  overgrowtb  in  the  same  part. 

t  The  preeise  renewal  of  these  AMIlary  eondneting  paths  cannot  be  asoertatned 
b  aniaale,  aad  is  man  the  amoantof  damage  that  b  renewed  is  far  snaUer.  Facts 
are  needed  regardhig  minute  differential  localisation  after  reooTerj  from  an  fa^ory^ 
eompared  with  the  normal. 
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maj  grow  througli  a  considerable  extent  of  eioatrioial  tissue  betweeik 
the  divided  ends  of  a  nerre,  but  in  man  it  is  doubtful  whether  regene- 
ration of  a  divided  nerve  occurs  unless  the  extremities  are  brought  in 
contact,  or  at  least  close  proximily.  Some  investigators  believe  that 
there  is  a  formation  of  fibres  in  the  peripheral  extremity  independ- 
entlj  of  the  growth  of  new  fibres  from  the  central  end.*  In  cases  of 
slight  injury,  regeneration  occurs  more  readily ;  in  these  it  is  probable, 
as  we  have  just  seen,  that  degeneration  has  been  incomplete.  The 
regenerated  nerve-fibres  regain  some  conducting  power  while  they  are 
still  much  narrower  than  normal,  and  before  they  can  be  excited  by 
electridty.t 

Mu8cle$. — The  degeneration  of  the  motor  nerves  is  attended  by 
changes  in  the  nutrition  of  the  muscles.  These  commence  in  or  after 
the  second  week.  The  muscular  fibres  become  narrower,  and  may  be 
reduced,  ultimately,  to  one  third  of  their  former  width.  An  increase  in 
width  has  been  said  to  precede  the  narrowing  for  a  few  days4  The 
transverse  striation  becomes  less  distinct,  and  the  strise  seem  to  be  nearer 
together  than  in  health.  The  fibres  may  become  cloudy  or  granular, 
but  do  not  present  actual  fatty  degeneration  except  in  some  very  acute 
oases.  If  no  regeneration  of  the  nerve  takes  place,  the  transverse 
striation  gradually  disappears,  and  may  be  replaced  by  a  longitudinal 
striation,  or  the  fibres  may  undergo  certain  chemical  changes,  and  pre- 
sent a  peculiar  glassy  appearance,  which  has  been  called  ''vitreous 

*  JB.  g,  Nenmann,  Mayer,  &c.  A  fall  abstract  of  their  observutiona  is  given  by 
Bowlby  (loc.  cit.)t  and  also  by  Allen  Starr  in  the  Middleton  Goldsmith  Lectnret 
for  1887  (*  New  York  Med.  Record,'  Febnmry,  1887).  By  some  the  new  axis- 
cylinders  Rre  said  to  be  formed  by  elouf^ation  of  the  fragments  of  the  old  axis ;  by 
others  from*  the  nuclei  of  the  sheath  of  Schwann,  but  these  have  been  found  by 
others  to  take  no  part  in  regeneration  (von  Kotthaft,  see  below).  Bat  Ranvier'a 
earefal  investi^tions  have  been  fully  confirmed  by  the  minute  researches  of  Vanlair 
('  Arch,  de  Biologic,'  1885),  and  by  the  more  recent  experimente  of  Stroebe 
('Ziegler's  Beitrage,'  1893),  and  it  is  ditBcult  to  understand  that  perfect  azis- 
cylin'^ers  should  be  formed  and  remain  unexcitable^  as  the  peripheral  segment 
certainly  does.  Structures  may  be  formed  resembling  axis- cylinders  that  are  not 
really  capable  of  ihe  proper  function.  The  weight  of  Banvier'a  andisproved  and 
confirmed  observations  is  very  great.  His  conclusion  that  there  is  no  diaeontinnnus 
formation  of  fibres  has  been  also,  confirmed  by  von  Nottbaft  ('Z«?itsoh.  f.  Zool./ 
1892,  Hd.  Iv).  It  is  possible  that  the  process,  in  the  peripheral  part  of  a  nerve,  is 
influenced  by  the  connection  wiih  other  nerves  and  the  recurrent  Influeuce  of 
anastomosing  fibresi. 

t  Ziegler,  in  a  recent  paper  ('  Arch.  f.  klin.  Chirnrg.,'  1896),  reaaserta  the  alian- 
donetl  view  that  the  old  axis-cylinder  plays  no  part  in  regeneration,  the  active  agent 
in  which  is  a  nucleated  protoplasm  which  he  states  to  be  an  outgrowth  of  the 
sbeatb  of  Schwann  (this  probably  refers  to  the  protoplasm  mentioned  on  p.  5{'). 
Froui  this  he  describes  the  developmeut  of  a  primary  protoplasmic  fibre,  from 
wliich  are  differentiated  not  only  a  new  axis-cylinder  but  also  a  new  sheath  of 
Schwann  and  medullary  substance.  This  new  axis-cylinder  is  ultimately  Joined  to 
the  old  stump.  These  statements  have  not  as  yet  received  oonfirmation  by  other 
obj*erverB. 

J  Steinert,  *  Verb.  Phys.  Ges.  Wurzburg,'  1888,  No.  10. 
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u  ^eneratioiL''  Daring  the  progresB  of  the  changes  in  the  fibres,  the 
nndei  of  the  sarcolemma  and  of  the  interstitial  tissue  are  increased  in 
number,  and  derelop  into  fibrous  tissue,  so  that  ultimately  the  muscular 
fibres  toe  separated  bj  considerable  tracts  of  connectiye  tissue,  and  a 
state  of  cirrhosis  results.  If  regeneration  of  the  nerve  occurs  the 
muscular  changes  are  arrested,,  and  the  normal  condition  is  slowlj  re- 
stored. When  reooyeryof  the  nerve  is  slow,  and  the  secondary  process 
in  the  muscle  considerable,  the  fibres  remain  smaJl,  the  amount  of  con- 
neotiTe  tissue  is  permanently  increased,  but  undergoes  contraction,  so 
that  the  muscle  is  for  a  long  time  smaller  than  normal,  and  its  natural 
bulk  may  never  be  regained.  If  no  regeneration  of  the  nerve  occurs, 
the  muscular  fibres  gradually  disappear ;  fibrous  tissae  takes  their 
place,  and,  slowly  contracting,  permanent  shortening  may  result. 
Similar  shortening  sometimes  occurs  when  there  is  partial  recovery  of 
the  nerve  and  muscle.  In  most  lesions  of  nerves,  other  than  actual 
division,  some  fibres  recover,  even  though  others  are  permanently 
destroyed.  The  muscular  degeneration  is  the  result  of  that  of  the 
motor  nerves,  as  described  at  pp.  66,  67. 


Stvptoms  or  Nsbys  Injubt  ajstd  Dboskb&ation. — ^The  symptoms 
that  attend  the  lesions  of  motor  nerves  and  the  consequent  degene* 
ration  are  of  great  importance.  The  lesion  of  the  nerve  causes  para- 
lysis of  the  muscles  supplied  by  it,  due  to,  and  in  proportion  to, 
ihe  interference  with  the  conducting   power  of    the  nerve.      The 
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Wia,  85. — Tjp9  of  degenerative  reaction  in  a  oaie  of  nerve-injnry  of  mode- 
rate sevrntj.  (After  Brb.)  Muaole  irritability  lowered  from  middle  of 
first  week  i  faradic,  extinot  in  middle  of  third,  reHppearing  in  ninth ; 
Toltaie,  increased  from  middle  of  leoond  week  nntil  tenth,  then  de- 
preMed  nntil  fonrteenth.  Kenre  irritability  (changed  alike  to  both 
currents)  is  lowered  from  middle  of  first  week,  lost  at  end  of  second, 
reappearing  at  seventh*    Power  lost  nntil  end  of  fifth  week. 

muscles  at  once  become  flabby  from  loss  of  tone,  and  to  this  atony 
actual  wasting  is  added  in  the  course  of  a  few  weeks.  The  wasting 
is  due  to  the  reduction  in  size  of  the  muscular  fibres.  If  the  sensory 
nerve-fibres  are  not  interrupted,  the  muscles  become  tender  to  the 
touch,  and  pain  is  caused  by  their  strong  contraction,  due  probably  to 
the  effect  of  interstitial  inflammation  on  the  sensory  nerves,  which  end 
in  the  connective  tissue. 
The  most  important  symptoms  are  those  that  are  afforded  by  eleo- 
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trical  examination  of  the  miucles  and  nerr es,  sinoe  thejr  enable  the 
degeneiative  changes  to  be  asceiiamed  and  followed  dnring  life.*  The 
alterations  m  the  electrical  reaction,  consequent  on  this  degeneration, 
have  been  alreadj  briefly  mentioned  (p.  29),  but  must  now  be  described 
in  greater  detail.  The  rapid  degeneration  of  a  nerre,  which  follows  a 
severe  lesion,  is  attended  bj  a  loss  of  irritabilitj  on  electrical  stimula- 
tion, the  loss  beiiig  the  same  to  faradism  and  Toltaism.  After  such 
lesions  as  are  common  in  man — neuritis,  for  instance, — ^there  is  no 
sudden  loss,  such  as  occurs  after  in  jury  of  a  nerre  in  an  animal,  when  the 
nenre  becomes  s^^ented,  but  there  is  a  more  or  less  rapid  diminutiDU 
of  ezdtability,  and  this  goes  on  until  no  stimulation  can  be  produced, 
even  by  a  strong  current.  The  progressiye  changes  in  irritability  may 
be  oonyenientiy  represented  on  a  chart.  Fig.  85  shows  the  ^ical 
course  of  the  changes  of  irritability  in  a  case  of  moderate  severity.  In 
the  muscle  (M)  a  fall  of  irritability  (due  to  the  degeneration  in  the 
nerve-endings)  occurs  simultaneously  with  that  in  the  nerve-trunk  (N), 
and  the  fiiradic  excitability  becomes  extinct  at  the  same  time  in  both 
nerve  and  muscle.  The  fall  in  voltaic  irritability  is  quickly  arrested 
by  the  change  in  the  muscular  fibres,  through  which  they  soon  become 
mote  excitable  than  normal  to  the  voltaic  current.  This  change  usually 
occurs  during  the  second  week,  and  the  irritability  continues  to  increase 
during  the  third  and  fourth  weeks.  At  its  maxim  nm  it  may  amount 
to  three,  four,  or  five  cells  of  the  battery,  %,e,  contraction  can  be 
obtained  in  the  paralysed  muscles  with  a  current  weaker  by  so  many 
cells  than  is  necessaiy  to  cause  contraction  in  a  corresponding  un- 
affected part.  The  further  course  of  the  changes  in  irritability  depends 
on  the  severity  of  the  lesion  and  the  intensity  of  the  d^eneration.  In 
a  case  of  moderate  degree,  such  as  is  shown  on  the  chart,  nerve  irrita- 
bility reappears  about  the  end  of  the  second  month,  usually  after  some 
voluntary  power  is  regained.  It  is  at  first  low,  so  that  a  strong  current 
is  required.  It  gradually  increases,  but  for  a  long  time  continues  a 
little  below  the  normal  degree.  This  return  of  nerve  irritability  is 
accompanied  by  a  corresponding  return  of  faradic  irritability  in  the 
muscles  (i.  e.  in  the  intra-muscular  nerves).  The  increase  of  voltaic 
irritability  often  persists  long  after  recoveiy  of  power,  but  it  lessens 
as  faradic  irritability  returns,  and,  as  shown  in  the  chart,  it  may  fall 
below  the  normal  before  it  ultimately  regains  its  original  degree. 

Slight  changes  in  irritability  can  be  ascertained  only  b/  a  comparison 
with  the  corresponding  part  on  the  other  side  in  the  same  individuaL 
Moreover,  when  we  speak  of  excitability  being  '*  lost,"  we  mean  that 
we  can  obtain  no  stimulation  by  any  strength  of  current  that  can  be 
borne.  The  sensitiveness  of  the  skin  varies  in  different  persons  and  in 
different  parts.  The  resistance  of  the  skin  also  varies ;  the  greater  it  is 

*  For  a  carefal  analyiii  of  abnormal  electrical  reactions  in  muscle  and  nenre  see 
Doumer,  *  Bnlletin  Offic.  de  la  Soc.  fran^.  d'Electrotherapie/  1897.  The  author  lays 
especial  stress  on  the  importance  of  recording  the  nature  of  the  excitation  and  the 
character  of  lUe  muscle-curve  produced. 
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fhe  stronger  must  be  thecarrentufled  toflecure  the  action  on  the  nerves 
below.  Henoe  the  importance  of  aecertaining  what  current  is  actually 
passing  hy  the  use  of  a  galyanometer.  It  may  be  used  once  to  gain  in- 
formation as  to  the  significanoe  of  the  number  of  cells  that  constitutes 
the  eridence  of  the  difference  between  the  two  sides  when  the  sensitiye- 
ness  to  the  pain  which  is  caused  preyents  the  use  of  the  instrument  in 
all  measurements. 

If  the  lesion  is  very  severe,  so  that  there  is  no  recovery,  and  no  re- 
generation of  the  nerve^  the  loss  of  nerve  irritabilily,  and  of  the 
faradio  muscular  irritabQify,  is  permanent.  The  increase  in  voltaio 
irritability  persists  for  months,  and  then  gradually  falls  as  the 
muscular  fibres  waste^  and  becomes  lower  and  lower  (see  Fig.  86)9 
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Fie.  86.— Typo  of  roftetloD  Sn  a  com  of  eomploto  and  ponBanent  danoge  to 
a  norro.  (After  Krb.)  £«rl j  eoane  as  In  the  last  diagnun ;  no  retarn  of 
power,  nerre  irritaUIity,  or  faradic  irritaUUtj  in  the  mvaela.  Tlio  eari|f 
lacTCaso  In  vottaie  irntaUlltj  gradually  leMens.  and  at  the  end  of  ten 
monlbs  fallo  belov  tho  normal,  but  is  not  extinct  nntil  nearly  two  years. 

In  this  and  tho  followinpr  ftgnres  the  normal  degree  of  irritability  (aseev> 
tuiiied  from  the  healthy  side)  is  represented  by  the  finely  dotted 
horisoiital  line  (a./.);  furadio  irritability,  F,  by  a  line  of  larger  dotsf 
Toliaie  ifrftabiliry,  V,  by  a  broken  linoi  M»  mnscloi  N,  nerre  |  P, 
power  of  Tolantary  contfactlon.  Its  degree  nhown  by  tho  ▼ertieal  lines  1 
the  Mstorisk  marks  tho  occnrrenoe  of  the  lesion.  The  Tortical  divisions 
rppreteat  time  iatenrals.  (Many  of  these  indicating  letters  are  given 
only  in  snbsoqnent  iignres.) 

nntQ  ultimately  no  reaction  can  be  obtained,  the  fibres  haying  perished. 
It  does  uot  become  extinct  until  at  least  a  year  has  elapsed,  and  some- 
times (as  in  the  chart)  only  towards  the  end  of  the  second  year. 
Often,  when  no  contraction  can  be  produced  on  the  first  attempt,  after 
two  or  three  applications,  distinct  contractions  are  obtained. 

The  changes  we  have  hitherto  considered  are  in  the  degree  of  irrita- 
bility, "  quautitatiye  '*  changes.  But  the  quantitative  increase  in  the 
muscular  irritability  is  often  accompanied  by  a  cbanp^e  in  the  order  of 
response,  according  to  the  pole  that  is  applied  and  the  strength  of 
current — a  *'  quaUtatiye  "  or  *'  polar  *'  change.  We  haye  already  con- 
sidered its  general  characters  (p.  81),  and  haye  seen  that  it  consists 
in  an  undue  readiness  of  response  at  the  positive  pole  (anode)  com- 
pared with  that  at  the  negative  poll  (kathode)  (Fig.  87,  B  and  0), 
the  muscle  being  normaDy  the  more  sensitiye  to  the  latter  (Fig.  87,  A). 
Wndng  CI.  for  the  closure  of  the  'urcuit,  O.  for  its  opening,  and  0. 
for  contraction,  the  normal  reaction  ia— 
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LK.Cl.C.;2.{f^;gcC..;3.K.OU 
In  disease — 

1.  {fi,^fo!;  2.  AnO.C;  8.K.O.O.:  on 

1.  An.Cl.C.;  2.KC1.C.;  8.  K.O.O.;  4.  An.O.O. 

This  qualitati^  change  is  at  tLmes  absent,  especially  in  cases  of 
neuritis.  It  maj  be  slight,  and  only  amount  to  an  equal  kathodal 
and  anodal  excitability.  It  is  practically  constant  when  a  nerve  has 
been  actually  destroyed.  On  the  other  hand,  it  may  be  present  and 
significant  where  less  acute  disease  has  not  yet  caused  obtrusive 
wasting..  Even  when  there  is  a  marked  quantit9.tiye  change,  the 
kathodal  closure  contraction  may  still  occur  first.  When  the  change 
is  present  it  is  only  in  the  muscles,  and  it  must  depend  on  the  muscular 
fibres  themselves.  In  the  motor  nerve  the  kathodal  response  is  always 
the  first,  although  a  qualitative  change  has  been  detected  in  degenerated 
sensory  nerves.  » 

The  muscular  contractions  which  occur  thus  with  undue  readiness 
differ  from  normal  contractions,  excited  through  the  nerves,  in  their 
distinctly  deliberate  character.    Instead  of  the  quicks  lightning-like 


Fio.  37. — Trucingg  of  tho  muscular  oontnctioiii  in  nerve-degeneration.  (After 
£rb.)  JTa,  kiithodMl  closure  contraction;  Am,  anodal  closure  contraction. 
A,  tracing  in  health;  Ka  much  stronger  than  A»i  contractioni  sndden.  B,. 
tracing  in  nerTe-degenerHtion  with  moderate  current.  An  maoh  greater 
than  Ka,  the  latter  scarcely  visible.  Contraction  slower,  shown  by  the  more 
■loping  upstroke.  C,  the  same,  with  a  stronger  current.  Ka  greater,  bat 
still  less  tlian  An;  the  slow  character  of  the  contraction  and  its  long  duration 
well  mitrked. 

contraction,  the  movement  is  distinctly  longer  in  reaching  its  maximum 
and  longer  in  its  duration.  The  recognition  of  this  feature  is  easy, 
and  often  of  practical  importance  when  there  is  doubt  whether  tha 
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foHaio  current  is  acting  througli  the  nerve-twigs,  or  on  the  nmscolar 
'fibres  themselves.  Sometimes  a  slight  abnormal  tetanic  contraction 
dnring  the  passage  of  the  current  also  occurs.  During  the  period  of 
increased  voltaic  irritability  the  mechanical  excitability  of  the  fibres  is 
often  increased.  If  they  are  directly  percussed,  they  respond  with  a 
distinct  slow  contraction  (Erb). 

Such  are  the  changes  in  irritability  which  occur  in  cases  of  nerve- 
lesion  and  degeneration  of  moderate  and  considerable  degrees  of 
severity.  Certain  variations  are  occasionally  met  with,  and  these 
oocur  especially  in  cases  of  neuritis  of  slight  degree.  In  severe  cases 
the  fall  in  nerve  irritabDity,  which  usually  commences  in  the  middle  of 
the  first  week,  may  not  take  place  until  the  end  of  this  week,  although 
it  may  then  progress  so  rapidly  that  no  response  to  stimulation  can  be 
obtained  at  the  end  of  the  second  week.  An  example  of  this  is  shown 
in  Fig.  88.*  The  same  chart,  and  some  of  those  that  foUow  it,  illus- 
trate another  very  common  variation  from  the  type  above  described. 
There  may  be  no  fall  in  the  voltaic  excitability  of  the  muscles  before 
the  commencement  of  the  degenerative  increase.  Indeed,  this  initial 
fall  is  as  often  absent  as  present.  The  change  in  the  nutrition  of  the 
muscle  may  then  coincide  with,  instead  of  succeeding,  the  degeneration 
of  the  nerve-endings  (Figs.  38,  40).  Sometimes,  if  the  degeneration  is 
rapid,  there  is  an  interval  of  a  few  days  before  the  secondary  changes 
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Fie.  88. — Severe  neuritis,  paralydf  ooinpleie  for  months;  reonvery  imper- 
'feci.  Irritability  of  nerve  normal  daring  first  week|  fell  rapid!y  dnring  the 
leoond ;  lost  st  its  close.  Shonlttneoos  incremse  in  voltaic  iiritabilitj.  The 
divisions  on  the  left  side  repreeent  eelle  of  the  voluio  battery,  and  half, 
centimetres  of  the  secondary  ooil  of  Stdhrer's  indnction  apparatos,  in  this  and 
the  following  charts, 

Fio.  39.— Slight  nenritisf  ilight  retam  of  power  on  seventh  day,  slowly  in- 
creasing; normal  in  fifth  week.  Mnsclet  faradic  IrritHbility  lessening  fr«im 
fourth  d»«y,  lost  on  fifteenth,  reappearing  on  twentieth.  Voltaic  irritability 
normal  till  twelfth  day,  then  augmented.  >srve-tninkt  lowered  from  fonrth 
flay  without  in  tial  increase^  reappearing  on  twenty*third  dayi  changed  alike  to 
fHradiftm  and  voltaism. 

in  the  muscle  have  reached  the  degree  necodsary  to  produce  increased 
irritability.  In  a  slight  degree  of  degeneration  the  increase  in  the 
voltaic  irritability  of  the  muscles  may  be  postponed  for  a  week  or  more 
after  the  nerve  irritability  begins  to  fall,  and  until  the  rise  occurs  the 

*  This  and  the  following  chnrts  are  from  cases  of  nenritis  of  the  facial 
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▼oltsie  initabflit  J  of  the  muscles  maj  ranftiiL  normal,  evoi  wbeii  thflir 

tandic  irritabiiitj  falls  with  that  of  the  Berve-tnmk.    An  instance  of 

this  ie  shown  in  Fig.  8^. 
When  the  nerre-lesion  is  rerj  slight  in  degree,  the  fall  in  nerre  irrita- 

bilil^  maj  be  preceded  bj  a  iise»  whidi  may  be  far  greater  in  degree  than 

the  subsetjoent  falL  In  eUgfat 
cases  the  fall  may  indeed  be  not 
onlj  slight,  it  maj  be  altogether 
absent,  so  that  the  rise  oonsti- 
tntes  the  onlj  symptom.  This 
initial  increase  in  irritability  is 
important  as  the  manifestation 
of  the  slightest  degree  of  altera- 
tion in  the  nutrition  of  nerre- 

Pxe.40L — Slight  nearitis;  power  uuteutirulv    fibi-es.*     It  may   last  for  a  few 

SS;,";4!^Sa:2''^"i;;'^«'^  days  «  for  two  weeb.  (Pig.  40). 

derelopad  dvring  neoond  week,  and  oon-   andlhaTO  once  known  it  to  COn« 
tiuued  m  MTentk.      Nerve  SrritabiiUy   tinne   for  five  weeks  CFlg.  41). 
»ad   week,   pacing     .,,. ,    ,,         , ^\J^^ 


increaied  daring  aeooad   ««,^m,   ^r-^mm^*^    iixv      .j.  xu       i.  •      .     ., 

during  the  third  into  tranM  nt  depree-  Although  the  change  in  imta- 
«oB,  tlie  voUaio  irritahiUty  falUng  aiofa  bility  of  the  nerre  is  usually 
than  the  faradio.  ^^  same  to    both   currents,  a 


partial  exception  to  this  rule  is  presented  by  the  increase  in  irritability 
we  are  now  considering.    The  change  is  not  always  quite  equal  to 
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Fio.  41— Slight  neuritis  I  quick  raeorarjof  power  dnrtng  third  and  fourfth 
weeks.  D^n.  react,  in  maselet  present  at  the  end  of  the  aeoond  week, 
slowly  lesientng,  hut  pment  in  slight  degree  antil  the  fonrlh  month. 
ConsiHerahle  increase  in  irritRbiKtj  in  the  nerve-trunk  at  the  and  of  the 
second  week,  greatest  to  the  faradic  shock  (erossee),  and  lasting  antil  the 
af  ih  week. 

faradism  and  to  voltaism,  and  it  is  frequently  much  more  marked  to 
the  isolated  f  aradic  shocks  than  it  is  to  either  the  voltaic  current  or  the 
rapid  succession  of  shocks  that  constitutes  the  faradic  current.  This 
is  shown  very  strikingly  in  Fig.  41,  and  in  less  degree  in  Pig.  43.  In 
the  former  the  irritability  to  the  two  currents  was  the  same ;  in  the 
latter  that  to  voltaism  was  distinctly  the  g^reater.  I  have  once  met 
with  a  slight  but  distinct  and  prolonged  diminution  in  faradic  irrita- 
bility when  no  change  could  be  found  to  voltaism  (see  Pig.  42). 

•  A  similar  change  is  met  with  in  some  central  diseases,  aa  chore;t  and  paralysb 
agit — 
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[  ixritabilitj  to  ftgadinn  with  distiiiet  ineraaie  to  ToItaiBm  hfts 
been  obeeryed  in  an  ulnar  nerre,  the  seat  of  tnuunatao  paFalyait 
(Bendiardt).  In  one  case  of  extenmTe  peripheral  neuritis  of  obscnre 
toxio  origin,  in  which  thefaoeon  both  ndeswas  paraljsed  for  a  time — 
a  peenHar  nutritioiial  change  in  the  nerves,  where  the  action  of  the 
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Pie.  42.— Slifcki  i>eixntii<  power  reg^Rined  daring  the  ■eoond  week. 
Dear,  react,  in  muscle  dktinit  on  eighth  day.  lessening  daring  second 
and  third  weeks.    Nerve:  lowered  faradic,  normal  voltaio  irritability. 

Fio.  48. — Very  sligbt  nearitia.  No  change  in  mnscular  irritability ;  irri- 
tability of  nerre-truuk  increased  from  foarth  to  eighth  day,  moat  to  faradit 
shock  (crosses),  least  to  faradic  current. 

toxic  agent  was  less  than  at  their  extremities,  and  made  the  nerves  in- 
sensitiTe  to  the  momentaiy  induced  current, — ^the  voltaic  excitability  of 
the  facial  nerres  was  not  lessened,  although  faradic  irritability  was  lost 
to  sudi  a  current  as  could  be  borne. 

The  electrical  exdtalnlitj  of  a  nerve  and  its  power  of  conduction 
are  usually  lost  together*  But  when  a  nerve  is  recovering  from  a 
h)cal  lesion,  and  regeneration  is  in  progress  below,  some  power  of 
conducting  the  impulse  that  is  excited  above  the  lesion  may  return  in 
the  peripheral  portion  before  it  becomes  excitable  by  any  form  of 
electrici^.  This  is  true  of  the  impulse  from  the  brain,  and  that  excited 
by  electricity.  1%is  seems  to  show  that  the  nerve-fibres  can  conduct — 
that  is,  pass  on  the  nerve-force  they  receive  as  such,  before  they  can 
produce  net*ve-energy  in  response  to  the  influence  of  a  "  stimulating  " 
force  acting  on  them.  Another  rare  anomalous  condition  has  been 
noted  by  Bernhardt  and  Qriinbeig  in  cases  of  recent  nerve  injury. 
When  the  lesion  arrests  all  conduction  of  the  voluntary  stimulus  a 
strong  &UEadic  stimulation  of  the  nerve  above  the  lesion  may  still  cause 
slight  contraction  in  the  paralysed  muscles. 

BeooT^ry  of  the  nerve  is  attended  by  gradual  restoration  of  power 
over  tho  muscles,  the  nutrition  of  which  slowly  impr6ves ;  but  if  the 
wasting  has  been  considersble,  a  long  time  elapses  before  they  regain 
their  normal  sise.  Indeed,  as  already  stated,  they  may  be  always 
■omewliat  smaller  than  the  corresnonding  muscles  on  the  unaffected 
side.  Cmious  secondary  spasmodic  symptoms  are  common  after  palsy 
of  tlie  fBcaal  nerve  {q.  v.) — contractures,  spontaneous  contractions,  and 
asBoriatrd  over-action  of  different  muscles.  The  last  is  very  rarely  met 
Yiith  after  palsy  of  the  nerves  of  the  limbs,  but  coarse,  fibrillary^ 


78  LKSIONS  OF  K£KV£S. 

mTUonlar  oontraotionB,  and  a  tendency  to  cramps  are  not  iinoommon« 
and  maj  persist  for  jears.     (See  also  Neuritis.) 

Sensory  symptorM  also  result  from  lesions  of  the  nerves  that  contain 
sensory  fibres.  The  interruption  of  the  fibres  arrests  conduction,  and 
causes  loss  of  sensation  in  the  part  supplied  bj  the  nerre,  just  as  it 
causes  motor  palsy.  But  a  slight  leaon  of  a  mixed  nerre  may  cause 
persistent  muscular  paralysis,  and  sensation  be  unaffected,  or  impaired 
only  in  slight  degree  and  for  a  short  time.  This  result  is  so  frequent 
that  we  cannot  ascribe  it  to  a  difference  in  the  relative  dam^;e  to  the 
motor  and  sensory  fibres.  It  must  be  due  either  to  the  &ct  that  the 
sensory  fibres  recover  more  readily,  or  that  a  slight  degree  of  conduction 
may  suffice  for  the  stimulation  of  the  sensory  centres  in  the  brain,  and 
not  for  that  of  the  muscular  fibres.  There  is  also  a  third  hypothesis, 
and  that  is  a  difference  in  the  sensory  and  motor  impulses  in  physio- 
logical character.*  In  another  class  of  cases,  however,  we  must  seek 
a  different  explanation  of  the  persistence  of  sensibility  in  the  area 
supplied  by  the  nerve.  There  may  be  no  loss  even  when  a  nerve  is 
completely  divided.  This  is  observed  chiefly  near  the  extremity  of  a 
limb.  It  can  only  be  explained  by  what  is  termed  "recurrent  sen- 
sibility."  Anastomoses  exist  between  the  terminal  fibres  of  different 
nerve-trunks,  and  it  would  seem  that  this  contiguity  of  sensory  fibres 
suffices  for  conduction.  Individual  differences  are  seen  to  exist  in  this. 
Thus,  of  two  persons  in  whom  the  ulnar  nerve  at  the  wrist  has  been 
divided,  one  may  have  total  anaesthesia  in  the  fingers  supplied  by  the 
nerve,  and  in  the  other  there  may  be  little  or  no  loss. 

The  peripheral  segments  of  the  sensory  fibres  degenerate,  like  the 
motor  nerves.  We  cannot  test  them,  and  ascertain  the  degeneration 
in  the  same  way,  at  least  in  severe  lesions,  because  their  stimulation 
cannot  be  perceived.  Nevertheless  an  altered  polar  reaction  has  been 
observed  in  slight  cases,  analogous  to  that  which  occurs  in  the 
muscles.  A  sensation  is  produced  with  the  positive  voltaic  pole  by 
a  weaker  current  than  is  required  with  the  negative  pole.  In  some 
cases  of  nerve  injury  and  neuritis  a  delay  in  conduction  of  pain  may  be 
observed. 

Increased  and  disordered  sensitiveness  in  the  area  of  distribution  of 
the  nerve,  with  or  without  spontaneous  pain,  is  very  common  in  cases 
of  partial  lesions  of  nerves.  It  must  be  referred  to  the  morbid  changes 
in  their  fibres,  alterations  in  the  nutrition  of  the  axis-cylinder  or  nerv^ 
endings,  probably  analogous  to  the  slight  changes  in  the  motor  nerves 
which  increase  their  excitability.  Pain  and  tenderness  of  the  netve- 
trunk  are  also  frequent  in  the  same  cases,  due  no  doubt  to  the  increased 
sensitiveness  of  the  "  nervi  nervorum  "  distributed  in  the  sheath.  The 
sheath  of  each  nerve  is  part  of  the  distribution  of  its  own  fibres,  and 
those  that  end  in  the  sheath  seem  to  be  very  readily  deranged.  We 
shall  see  the  importance  of  this  consideration  in  relation  to  neuritis  and 

*  The  experiments  of  Lenderiti  (*  Zeitschr.  f.  klin.  Med.,'  Bd.  iii)  merely  confirm 
the  observed  fact,  and  do  not  reiilly  explain  it^  as  he  and  othera  have  ssiumed.  .^  . 
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neoralgm.  The  pains,  both  local  and  distant^  are  sometimes  rerj 
seTere  and  persistent. 

Reflex  Action, — ^All  lesions  of  neires  abolish  reflex  action  in  the  area 
of  the  distribution  of  the  nerre  affected,  except  those  that  inyolve 
80  slight  a  change  as  to  cause  increased  sensitiveness.  Mjotatic  irri- 
tability is  also  lost,  from  damage  to  either  the  motor  or  sensory  fibres 
concerned,  and  this  loss  may  persist  long  after  the  other  symptoms. 

Vasihmotar  and  trophic  disturbance  is  a  common  consequence  of 
lesions  of  nerves.  It  is  most  severe  in  those  that  are  inflammatory  in 
part  or  altogether.  The  vaso-motor  nerves  run  in  the  mixed  nerve- 
trunks,  and  suffer  with  the  other  fibres.  The  general  character  of  the 
disturbance  has  already  been  described  (p.  27).  When  the  lesion  is 
acute  and  irritative,  vascular  dilatation  and  an  increase  of  temperature 
occur  at  first,  and  are  followed  by  passive  hypenemia  and  lowered  tem- 
peratare.  There  may  be  oedema,  and  an  increased  secretion  of  sweat. 
The  changes  in  the  skin,  acute  and  chronic,  are  those  that  have  been 
abeadj  described.  "  Glossy  skin,"  red,  smooth,  and  thin^  is  especially 
common,  and  is  frequently  accompanied  by  atrophy  of  the  subcutaneous 
tissue,  and  perhaps  of  the  bone,  so  that  the  finger-tips  become  narrow, 
and  present  an  aspect  that  is  very  characteristic.  Burning  pain,  with 
tenderness,  often  accompanies  the  change,  and  may  continue  for  long. 
Occasionally,  instead  of  becoming  thin,  the  epidermis  increases  in 
thickness,  ike  nails  often  become  thick  and  rough,  and  present  trans- 
verse or  longitudinal  furrows.*  In  parts  where  there  is  much  sub- 
cutaneous tissue  this  may  also  become  thickened  and  have  a  peculiar 
doughy  fed,  resembling  that  met  with  in  myxoedema.  The  growth  of 
the  hair  may  be  lessened  or  increased.  Sloughing  of  the  skin  is  far 
less  common  than  in  central  diseases,  but  eruptions,  particularly  of 
the  nature  of  erythema,  eczema,  herpes  and  pemphigus,  may  also  be 
met  with.  Vesication  occurs  with  extreme  readiness,  and  sometimes 
vesicles  or  buUee  appear  to  f oion  spontaneously.  Ulcers  result  which 
erode  and  destroy  the  tissues,  espedally  of  the  finger-ends.  Mustard 
plasters  also  blister  the  skin  more  readily  than  in  health.  It  is  im- 
portant to  remember  these  facts,  because  the  affection  is  one  in  which 
hot  applications  are  often  recommended.  A  gentleman  dislocated  his 
shoulder,  and  either  by  the  displaced  bone,  or  in  the  reduction,  the 
brachial  plexus  was  seriously  injured.  The  muscles  of  the  hand 
wasted,  and  the  skin  became  glossy.  He  was  advised  by  a  surgeon  to 
bathe  the  hand  daily  in  hot  water.  One  day  his  wife  bathed  it  in 
water  which  to  her  was  pleasantly  warm,  and  which  caused  him  no 
discomfort,  but  the  result  was  that  the  hand  was  covered  with  blisters, 
and  ulcers  were  left  which  did  not  heal  for  months. 

*  Soveral  excellent  illaitrations  of  theae  changes  iire  given  bj  Bowlhy,  loc.  cit., 
where  slto  a  foil  account  of  traumatic  lesioni  ii  given.  Tho  observationi  of  Born- 
har-lt  ('Virehow'i  Archiv,'  1886)  appear  to  show  that  the  retarded  growth  of  the 
nails  i«  independent  of  the  inflaenee  of  the  particular  nerTei.  Great  indiTidual 
fariatioim  art  found  with  identical  lesioni. 
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The  joints  often  snfbr  in  their  niitritioiL  Acate  inflftTiiTniitlofn,  gnch 
as  oocurs  sometimes  in  spinal  affections,  is  rare,  bat  chronie  ohangesin 
the  jdnts  aie  fraqnent,  irith  much  tenderness;  alterationfl  in  the 
irticnlar  surfaces,  and  flfarons  adhesions  result,  which  limit  moTemenL 
When  the  muscular  wasting  is  slight,  the  condition  may  resemble  a  pri* 
mary  joint  affection*  and  this  mistake  in  diagnosis  is  sometimes  actually 
made. 


INJURIES  OF  NERVES:   COMPRESSION. 

Traumatic  lesions  of  nerves  are  in  the  proyince  of  surgery.  They 
belong  to  the  physician  only  in  so  far  as  their  effects  are  produced  l^ 
the  agency  of  a  neuritis,  the  mechanical  origin  of  which  may  escape 
notice.  Neuritis  is  described  in  the  next  section.  A  word  is  needed, 
howeyer,  on  the  subject  of  simple,  slow  compression  of  nerves,  not 
because  the  symptoms  are  grave,  but  because  they  often  give  rise  to 
very  grave  mental  concern  on  the  part  of  the  patient,  and  to  occa- 
sional doubts  in  the  mind  of  his  medical  attendant.  Compression  of 
a  nerve  may  be  sudden  or  slow.  Sudden  compression  bruises  the 
nerve-fibres,  producing  definite  lesions,  and  also  sets  up  neuritis. 
Symptoms  often  occur  too  soon  to  be  explicable  as  neuritic.  A  slight 
d^;ree  of  these  is  familiar  as  a  result  of  pressure  on  the  isciatic  nerve  in 
the  act  of  sitting.  There  is  first  tingling  in  the  region  of  distribution 
of  its  fibres,  often  with  a  sense  of  warmth,  with  disordered  sensations 
and  even  a  loss  of  sensibility  in  the  skin.  Often  this  is  accompanied 
by  an  inability  properly  to  put  in  action  the  muscles  that  are  supplied 
by  the  nerve.  All  the  symptoms  pass  away  in  a  few  minutes,  a  sense 
of  cold  and  an  inability  to  direct  movements  being  often  the  last 
effects.  If  they  do  not  pass  away,  the  persistent  effects  are  ascribed  to 
a  neuritis  such  as  is  produced  by  any  other  cause. 

But  neuritis  is  not  the  primary  lesion,  and  the  initial  symptoms 
are  not  produced  by  the  agency  of  inflammation.  Hence,  when 
they  persist,  it  is  doubtful  whether  we  should  ascribe  them  to  the 
inflammation  unless  they  occur  after  an  lutervaL  The  mechanism  by 
which  the  tingling  and  early  amesthesia  are  produced,  probably  causes 
also  the  lasting  symptoms.  The  compression  no  doubt  causes  ft.n«fnia. 
but  the  known  sensitiveness  of  nerves  to  mechanical  stimulation  makes 
it  probable  that  the  effects  are  chi^y  produced  by  the  mechanical 
influence  of  the  pressure  on  the  elements  of  the  nerve-fibres,  and  that 
a  compression  for  a  few  hours  has  such  an  effect  in  separating  the 
molecular  elements  of  the  white  substance,  as  to  set  up  a  secondarv 
degeneration  of  the  same  character  as  thsl  which  restdts  from  division 
of  a  nerve.  The  neuritis  is  thus  no  more  the  cause  of  symptoms  in 
compression  than  in  division.  In  each  there  is  a  displacement  of 
molecules  interrupting  conduction.  This  is  also  the  oonclusion  of 
Weir  Mitchell,  who  found  that  a  pressure  of  eighte^i  to  twenty  inchoi 
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of  mneiny  for  iwenlj  Beoonds  abolislied  the  power  of  conduction, 
ihongli  onlj  for  a  few  minutes,  in  spite  of  conspicuous  change  in  the 
white  substance.  The  latter  is  still  greater,  and  the  effects  more 
enduring,  in  a  contusion. 

The  cause  of  the  tingling  in  the  region  of  distribution  of  the  sciatic 
nerre  ia,  as  already  said,  readily  recognised  when  it  is  due  to  pressure 
bj  sitting.  But  it  is  otherwise  when  the  pressure  is  on  the  nerves  of 
the  ann  and  is  produced  during  sleep.  The  tingling  maj  be  felt  in 
the  region  of  the  ulnar  nenre,  in  consequence  of  flexion  of  the  elbow, 
or  in  the  whole  hand,  from  the  pressure  on  the  narres  of  the  brachial 
pfexus  on  the  side  on  which  the  patient  is  lying.  Waking  up  with  the 
tingling,  and  sometimes  with  cramp  or  powerlessness  in  the  hand,  he  is 
oaturallj  alarmed.  The  diagnosis,  howeTsr,  is  rendered  easy  by  the 
unilateral  character  of  the  symptoms,  and  by  the  fact  that  they  are 
slways  felt  on  the  side  that  is  bearing  the  weight  of  the  body.  There 
may,  however,  be  great  difS.cuIty  in  diagnosing  this  form  of  compression 
from  actual  contusions.  The  symptoms  are  produced  much  more 
readily  when  the  general  health  is  bad ;  they  last  longer,  and  more 
often  end  in  neuritis. 

Gradual  compression  may  result  from  continuous  pressure,  such  as 
that  of  a  crutch  or  the  growth  of  an  adjacent  tumour,  or  from  the 
implication  of  the  nerve  in  a  cicatrix  or  callus.  Of  new  growths  com- 
pressing nerves,  exostoses  and  aneurisms  are  most  frequent.  The 
symptoms  of  this  form  approach  those  of  neuritis;  they  may  be 
sensory,  motor  or  trophic.  They  are  ushered  in  by  hypereesthesia, 
which  is  followed  by  ansesthesia,  seldom  complete  in  degree  or  quality, 
tactile  and  muscuhur  sensibility  being  usually  retained  when  other 
forms  are  lost.  Intense  and  persistent  hyperoesthesia  or  complete 
ansBsthesia  point  to  neuritis.  Motor  weakness  and  trophic  changes 
appear;  there  may  be  atrophy  or  hypertrophy  of  the  nails,  trophic 
ulcers,  or  joint  affections.  Among  rarer  symptoms  are  local  spasm 
with  fibrillary  twitchings  and  reflex  convulsions.  In  simple  com- 
pression  the  symptoms,  as  a  rule,  disappear  after  the  removal  of  the 
cause;  the  subjective  sensations  are  the  first  to  vanish,  then  the. 
anssthesia  goes,  and  laatiy — ^in  severe  cases  not  till  after  some  months 
—the  motor  disturbances. 

In  rapid  compression  there  may  be,  according  to  the  duration  of  the 
injury,  merely  congestion  at  the  affected  spot  or  peripheral  d^eneration 
starting  from  it.  A  nerve  which  has  been  long  compressed  is  narrow 
at  the  affected  part,  where  it  may  even  be  flattened  into  a  ribbon; 
above  and  below  it  is  normal  or  swollen.  The  compressed  portion 
may  be  white  from  anamia  or  red  from  congestion.  Eventually  degene- 
rative or  nenritic  changes  may  develop,  and  the  former  are  sometimes 
found  above  the  lesion  as  well  as  below. 

IVeatment  is  essentially  surgical,  but  the  physician  must  aim  at 
TfiamtainiTig  the  nutrition  of  the  muscles  by  the  usual  means  during 
the  recovery  of  the  nerve,  when  this  can  be  released  from  compression. 
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INFLAMMATION  OP  NERVES:   NEURITIS. 

Neuritis,  or  inflammation  of  nerves,  presents  yarions  characters, 
which  hare  led  to  the  distinction  of  numerous  forms.  The  inflam- 
mation of  single  nerves  usually  begins  in  the  outer  sheath  of  the  nerve, 
and  this  has  been  distingaished  as  "perineuritis."  It  may  involve 
also  or  chiefly  the  connective  tissue  between  the  bundles  of  nerve-flbres 
("interstitial  neuritis"),  or  the  nerve-flbres  themselves  ("parenchy- 
matous or  degenerative  neuritis").  Some  forms  of  nexiritis  have  a 
tendency  to  ascend  the  nerve,  and  this  variety  has  been  termed 
''ascending  neuritis"  or  "neuritis  migrans."  One  nerve-trunk  may 
be  primarily  afEected,  or  many  nerves  may  sufEer  at  the  same  time. 
The  latter  condition,  "  primary  multiple  neuritis,"  is  of  great  import- 
ance, and  will  be  described  in  a  separate  section. 

Most  forms  of  neuritis  may  be  either  acute  or  chronio.  Aeate 
neuritis  usually  subsides  into  a  chronic  stage,  and  its  symptoms  may 
thus  persist  for  a  long  time.  Other  varieties  that  have  been  distin- 
guished depend  upon  the  cause  to  which  the  inflammation  is  secondary. 
Thus  we  have  cancerous,  syphilitic,  gouty,  diabetic,  and  other  forms. 

Causss. — Injury  causes  more  or  less  inflammation,  which  occurs 
readily,  and  follows  very  slight  damage.  Neuritis  may  thus  be  set 
up  by  all  sorts  of  wounds,  by  contusions,  by  compression  from  with- 
out or  by  adjacent  structures,  and  by  over-extension  of  the  nerves. 
Those  nerves  that  pass  by  joints  are  liable  to  injury  from  dislocations, 
either  by  the  displacement  of  the  bones,  or  during  reduction.  In 
fractures  the  nerves  may  be  injured  directly,  or  may  be  compressed 
by  the  callus  that  is  formed.  Nerves  are  sometimes  damaged  by  a 
violent  contraction  of  the  muscles  through  which  they  pass.  It  is 
probable  also  that  muscular  effort  excites  neuritis  in  other  situations, 
especially  in  persons  who  are  predisposed.  Moreover,  a  strain  on  the 
fibrous  tissues  of  joints,  fascisB,  <&c.,  may  set  up  inflammation  in  them, 
which  may  spread  to  the  nerves. 

Neuritis  may  arise  by  extension  from  adjacent  inflammation;  this 
is  particularly  seen  in  the  case  of  phlebitis.  The  nerves  near  suppu- 
rating joints  may  be  involved,  and  even,  it  is  said,  those  that  pass  by 
a  joint  the  seat  of  simple  inflammation.  The  latter  is  certainly  rare. 
The  intercostal  nerves  have  been  affected  by  extension  from  an  in- 
flamed pleura.  The  cranial  nerves  and  the  spinal  nerve-roots  are 
involved  by  extension  from  the  membranes. 

Exposure  to  cold  is  another  cause  of  neuritis.  It  is  then  often 
called  "  rheumatic."  The  nerve,  or  rather  its  sheath,  may  be  primarily 
Affected,  or  the  first  effect  may  be  inflammation  of  the  fasciss,  from 
which  the  inflammation  spreads  to  the  nerve-sheath.  Persons  who 
Axe  liable  to  muscular  rheumatism,  and  those  who  are  gontj,  suffer 
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thus  with  espeeial  frequenqr.  But  exposture  to  oold  and  the  toxinB  of 
gout  and  rhemnatism  also  act  in  another  way,  by  causing  a  blood-state 
which  acts  on  many  nenres  at  the  same  time.  Many  general  diseases 
have  a  similar  power  of  causing  either  an  isolated  or  a  multiple 
neuritis.  It  is  through  this  agency  that  diphtheritic  paralysis  is 
produoed*  and  the  same  effect  may  be  due  to  the  presence  of  other 
toziG  material  in  the  blood,  metallic  poisons,  alcohol,  Sec,  an  account 
of  which  will  be  found  in  the  section  on  Multiple  Neuritis.  When 
an  isolated  neuritis  occurs  during  an  acute  disease  it  is  probably 
produced  through  the  agency  of  compression,  unnoticed  during  the 
prostration.  Keuritis  has  also  been  found  in  the  vicinity  of  bedsores 
(Pitres),  and  though  probably  due  to  pressure  may  be  part  of  the 
mechanism  by  which  they  are  caused.  Some  chronic  general  diseases 
cause  only  isolated  neuritis,— -either  simple,  as  that  which  is  due  to 
gout  (when  the  general  disease  must  he  regarded  chiefly  as  a  pre- 
disponent);  or  special,  as  syphilitic,  cancerous,  or  leucocythsemio 
neuritis,  in  which  there  is  an  infiltration  of  the  nervewith  the  spedal 
tissue-element  characteristic  of  the  general  disease. 

The  characters  of  the  simple  isolated  form  constitute  the  chief 
subject  of  this  section. 

Patholooioai.  AiTATOMT. — ^Tho  changes  differ  according  as  the 
inflammation  affects  primarily  the  adyentitial  connectiye  tissue, 
«« adventitial  neuritis,"  or  the  fibres  themselves  in  the  "paxen- 
chymatous"  form.  Isolated  neuritis  is  generally  adventitial,  and 
will  be  flrst  described.  In  acute 
inflammation  the  affected  part  of 
the  nerve  is  red,  softened,  and 
swollen.  The  redness  depends 
on  distended  vessels,  which  may 
be  visible  on  the  surface;  in 
more  acute  cases  it  may  result 
from  the  presence  of  minute 
hssmorrhages.  The  swelling  is 
due  to  Gddema,  or  to  a  sero- 
fibrinous exudation,  sometimes 
jelly-like  in  aspect.  The  micro- 
scope shows  leucocyte-like  cor- 
puscles surrounding  the  vessels, 
infiltrating  the  sheath  (Fig.  44) 
and  accumulating  between  it  and 
ihe  nerve.  There  may  be  even 
small  extravasations  of  blood. 
Suppuration  is  extremely  rare. 


Fio.  44. — Nearitiit  degeneration  of  nerve- 
fibrei,  the  myelin  broken  up  into  mastes, 
globules,  and  g^nules.  Accumulation  of 
leucocytei  in  uerve-sheatb.  From  a  case 
of  multiple  neuritis.     (After  Leyden.) 


These  changes  may  be  limited  to  the. 
sheath  in  what  is  called  "perineuritis/'  or  may  extend  into  the 
substance  of  the  nerve  in  "interstitial  neuritis."  In  the  latter  case 
the  lymphoid  corpuscles  infiltrate  the  septa,  and  may  even  be  seen  in 
the  substance  of  the  fasciculi,  between  the  nerve-fibres.    These  changes 


84  NEURITIS. 

may  be  continiioiif  ailong  »  ooniiderable  track  of  the  nfrre  (diffan 
neuritis),  but  more  frequeatlj  thej  aro  ohieflj  marked  at  eortain 
plaoav,  which  are  separated  bj  portions  of  the  narre  which  are  so 
little  affected  bm  to  appear  to  the  naked  eye  to  be  normal  ("focal*' 
or  "disseminated  neuritis").  The  foci  of  inflammation  are  ohieflj 
situated  at  places  where  the  nerve  turns  round  a  bone,  or  emerges 
from  canals  or  fasciae,  or  divides. 

The  extent  to  which  the  nerve-fibres  sufEier  varies  much.  They 
usually  present  little  change  when  the  inflammation  is  limited  U> 
the  sheath,  unless  the  nerve  lies  in  a  bony  canal,  or  in  rigid  fibrous 
tissue,  within  which  the  sheath  cannot  expand ;  its  swelling  then  exerts 
pressure  on  the  fibres.  When  the  inflammation  is  interstitial  the 
fibres  sufEer  more  readily,  although  not  invariably.  On  the  other 
hand,  they  are  sometimes  found  much  altered,  when  the  connective- 
tissue  elements  are  but  little  affected.  In  this  case  the  inflammation 
is  "  parenchymatous  "  and  begins  in  the  nerve-fibres,  the  interstitial 
tissue  being  secondarily  involved  or  unaffected.  The  changes  in  the 
fibres  are  almost  the  same  as  in  degeneration  (Figs.  83  and  34). 
It  was  pointed  out  how  closely  the  two  processes  of  inflammatioii 
and  degeneration  are  connected,  and  how  difficult  it  is  to  separate^ 
or  even  to  distinguish  them,  in  many  cases.  The  myelin  of  the  white 
substance  first  breaks  up  into  segments,  more  or  less  elongated,  often 
with  smaller  globules  of  myelin  between  or  beside  them.  The  masses 
are  cloudy  or  finely  granular  in  aspect.  The  axis-cylinders  aro  inter- 
rupted where  the  myelin  is  divided.  The  nuclei  of  the  sheath  are 
increased  in  number,  and  the  protoplasm  around  them  is  increased  in 
quantity.  Next  the  myelin  is  divided  into  smaller  globules  and 
granules,  and  the  axis-cylinder  is  no  longer  recognisable.  The  myelin 
then  disappears  in  parts  of  the  tubes,  while  it  remains  at  other  parts, 
but  is  still  more  finely  divided.  Lastly,  the  sheaths  become  empty 
and  very  narrow,  containing  only  nuclei  at  intervals,  with  here  and 
there  a  little  finely  granular  material,  or  sometimes  some  brownish 
pigment  granules.  The  process  may  thus  go  on  to  complete  destruo- 
tion  of  the  fibres.  These  commonly  suffer  unequally;  fibres  that 
have  a  normal  appearance  are  scattered  among  those  that  are  much 
altered. 

In  chronic  interstitial  neuritis  the  axis-cylinders  often  suffer  less 
than  the  white  substance.  The  latter  becomes  atrophied,  so  that  the 
fibres  are  smaller  than  normal.  If  the  interstitial  inflammation  is  very 
intense  the  fibres  may  break  up  as  above  described.  As  the  inflam- 
mation subsides,  the  new  cellular  elements  that  have  made  their 
appearance  assume  the  aspect  of  fusiform  cells,  and  fibrous  tissue  is 
developed,  either  from  these  ceVi,  which  become  less  numerous,  or 
from  the  intercellular  exudation.  This  fibrous  tissue  surrounds  and 
encloses  the  fasciculi,  a  condition  that  has  been  termed  "  sclerosis  of 
the  nerve."  A  firm  fusiform  swelling  may  remain  at  the  affected  spot, 
and  this  may  be  adherent  to  adjacent  structures.     The  aTris-cylindcrs 
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ast  uneqiially  ftfiCeotsd*  Ihoie  which  are  inyolved  tindergo  typical 
degeneration*  Sometimee  fat  is  ultimatelj  formed  in  the  new  eon- 
nectiye  tissue*  a  condition  that  has  been  rather  imneoessanly  termed 
'*  lipomatous  neuritiB  "  (Leyden) ;  the  f attj  deposit  does  not  seem  to 
be  related  to  any  special  form  of  neuritis.  Occasionallj  the  connectiTe 
tissue  overgrowth  is  so  eztensiTe  that  the  whole  nerve  is  converted 
into  a  sclerotic  cord  (IHrohow's  **  proliferative  "  form). 

In  syphilitic  neuritis,  which  affects  chiefly  the  cranial  nerves,  there 
is  a  oeUular  growth  in  the  sheath  and  interstitial  tissue  similar  to  that 
which  constitutes  other  syphilitic  new  formations,  with  a  variable 
amount  of  alteration  of  simpler  inflammatory  character.  The  growth 
in  the  sheath  may  amount  to  a  distinct  syphilitic  tumour,  with  or 
without  interstitial  changes.  In  cancer,  nerves  adjacent  to  the  new 
growth  may  present  simple  interstitial  neuritis,  or  may  be  infiltrated 
by  a  growth  of  cancer-elements  spreading  to  the  nerve  by  direct 
extension.  In  leucocyth»mia  there  is  a  dense  infiltration  of  the  nerve 
with  leucocytes. 

The  destructive  changes  in  the  nerve-fibres  eitend  down  the  nerve 
to  the  periphery  in  a  process  of  secondary  degeneration,  more  or  less 
inflammatory  in  nature,  as  already  described  in  secondary  degeneration. 
Usually  the  central  portion  of  the  nerve  remains  free,  the  alterations 
ceasing  a  short  distance  above  the  seat  of  the  primary  inflammation. 
In  rare  cases  an  ascending  neuritis  (n.  migrans)  passes  up  the  nerve, 
and  may  spread,  at  a  plexus,  to  other  nerve-bundles  and  other  nerve- 
trunluk  The  formation  of  fibrous  tissue  in  the  inflamed  part,  and 
the  cicatricial  contraction  of  this  tissue,  often  prolong  the  irritation 
of  the  nerve-fibres  and  the  symptoms  due  to  this,  and  a  state  of 
"  chronic  neuritis  *'  is  said  to  be  left. 

STMFTOK8.--^The  symptoms  of  neuritis  vary  extremely  according  to 
its  intensity,  its  extent,  and  the  nerve  that  is  sheeted.  In  three  places, 
the  branchial  plexus,  the  sciatic  nerve,  and  the  crural  nerves,  the  sym- 
ptoms are  sufficiently  special  to  make  their  separate  description 
desirable,  although  the  general  account  applies  to  them  also. 

The  onset  of  the  acute  form  is  sometimes  attended  by  some  con- 
stitutional disturbance,  especially  when  many  nerves  are  affected. 
The  chief  symptoms  are  local.  The  most  prominent  is  pain,  felt  in 
the  inflamed  part  of  the  nerve,  and  also  often  in  the  pai*t  to  which  it 
is  distributed  (see  p.  78).  Sometimes  the  pain  involves  the  whole 
limb,  and  in  severe  cases  it  may  be  most  intense,  burning,  boring,  rarely 
darting,  in  character ;  it  is  usually  worse  at  night  and  increased  by 
movement,  by  postures  that  involye  tension  or  pressure  on  the  nerve, 
and  by  whatever  causes  passive  congestion  of  the  limb,  such  as  the 
act  of  coughing.  Sometimes  it  seems  to  radiate  into  distant  parts, 
and  not  rarely  pain  is  also  felt  in  thb  corresponding  region  of  the 
opposite  limb.  The  sensitiveness  of  the  whole  of  the  afl^ected  region 
is  increased,  and  even  the  bone  may  be  tender,  so  that  at  first  attention 
may  not  be  directed  to  the  nerve,  but  when  this  is  pressed  great  pain 
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is  always  produced.  In  slighter  cases  the  pain  is  nsnaUj  limited  to 
the  nerve  and  its  distribution.  It  may,  indeed,  be  absent  when  the 
nerve  or  branch  is  chiefly  motor,  a  fact  difficult  to  explain  unless  the 
sheaths  of  such  nerves  contain  fewer  sensory  fibres  than  usual.  If 
the  nerve  is  aecessible  to  direct  examination  it  may  be  felt  to  be 
distinctly  swollen  at  the  affected  part.  Occasionally  the  skin  over  it 
has  been  observed  to  be  red,  and  rarely  there  has  been  slight  oedema. 
Spontaneous  sensations  may  be  felt  in  the  region  supplied  by  tJie 
nerve,  tingling,  &c.,  and  the  skin  may  be  hypersBsthetic.  After  a  time, 
as  the  nerve-fibres  suffer,  sensation  may  be  perverted,  or  even  lessened ; 
complete  ansesthesia  is  usually  confined  to  small  areas.  The  muscles 
supplied  by  the  nerve  become  weak  in  various  degree,  tender^  and 
present  fibrillar  twitchings ;  they  are  seldom  powerless,  but  pain  may 
prevent  their  contraction.  They  present  the  altered  electrical  reac- 
tions characteristic  of  nerve-lesions.  Increased  perspiration  has  been 
observed  in  the  part  of  the  skin  supplied  by  the  inflamed  nerve,  vexy 
rarely  it  is  arrested,  and  sometimes,  although  rarely,  eruptions  occur. 
Herpes  is  not  common  from  ordinary  acute  neuritis.  The  epidermis 
may  become  thickened  into  a  state  like  ichthyosis,  or  may  atrophy  and 
appear  as  "  glossy  skin."  Effusion  into  joints  has  beeoi  observed  in 
very  rare  cases.  The  constitutional  disturbanCie  which  may  attend  the 
onset  subsides  in  the  course  of  a  few  days,  but  the  pain  and  other 
symptoms  usually  persist  in  undiminished  severity  for  sevend  weeks. 
They  ultimately  slowly  subside  into  a  chronic  stage,  and  may  continue 
as  a  secondary  neuralgia  due  to  a  habit  of  over-action  set  up  in  the 
centre. 

In  the  chronic  form  constitutional  disturbance  is  absent,  and  pain 
is  the  prominent  symptom  from  the  first.  The  affection  of  motion  and 
sensibility,  and  the  trophic  changes,  are  similar  to  those  met  with  in 
the  acute  form.  In  both  forms  the  muscles  may  waste,  and  present 
the  reaction  of  degeneration  when  they  are  tested  with  electricity 
(p.  73).  In  slight  cases  the  initial  increase  of  excitability  in  the  nerve 
is  often  well  marked.  Trophic  changes  in  the  skin  are  very  common; 
so  is  alteration  in  the  nutrition  of  the  joints,  and  adhesions  form, 
limiting  the  movement,  and  fixing  the  parts  in  the  position  corre- 
sponding to  the  muscular  inaction. 

When  neuritis  ascends  a -nerve,  the  symptoms  gradually  extend  in 
area ;  and  if  it  reaches  the  plexus  from  which  the  nerve  proceeds,  they 
mav  extend  to  most  or  all  the  nerves  of  the  limb.  This  "  ascending 
neuritis"  Ib  not  rare  in  man,  may  even  reach  the  spinal  canal, 
and  there  produce  various  disturbances.  The  inflammation  may 
spread  in  the  tissue  outside  the  dura  mater,  or  may  extend  to 
the  cord,  and  cause  subacute  or  chronic  myelitis  with  or  without 
meningitis.  The  paralysis  that  occurs  secondarily  to  some  visceral 
diseases,  as  those  of  the  bladder,  and  commonly  regarded  as  reflex 
paralysis,  is  probably  produced  through  the  agency  of  an  ascending 
neuritis.     Lastly,  the  inflammation  maj   "^xtend  to  the  nerves  of  the 
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other  rifle,  wstuJij  to  those  that  coirespond  to  the  primary  seat  of  the 
disease.  Such  extension  maj  be  through  the  spinal  oord  or  the 
membranes,  but  in  some  cases  symptoms  occur  in  the  nerre  of  the 
opposite  side,  without  any  indication  of  an  affection  of  the  centres. 
Experiments  on  animals  hare  demonstrated  that  such  implication  of 
the  opposite  nenre  may  occur  when  the  centres  are  unaffected.  It  has 
been  called  "sympathetic  neuritis."  We  have  seen  that  reflected 
pains  are  occasionally  felt  in  the  corresponding  nenre  on  the  opposite 
side,  and  it  is  probable  that,  as  in  neuralgia,  yaso-motor  disturbance 
in  the  nerre-sheath  may  accompany  such  pains,  and,  in  a  predisposed 
person,  may  cause  actual  neuritis. 

The  Duration  and  Course  of  neuritis  yary  much.  A  slight  acute 
neuritis  may  run  its  course  in  a  few  weeks  and  then  subside.  Much 
more  commonly  the  affection  persists  in  a  chronic  stage  for  many 
weeks,  or  even  months,  and  slowly  passes  off.  The  rheumatic  and 
gouty  forms  are  as  a  rule  much  more  tedious  than  those  that  result 
from  injury,  although  traumatic  neuritis  is  sometimes  very  insidious 
and  may  last  a  long  time ;  it  may  ascend  the  nerve  from  its  starting- 
place  and  become  localised  in  certain  situations,  where  it  may  develop 
afresh,  and  give  rise  to  symptoms  that  often  seem  to  be  independent 
of  their  cause.  In  the  predisposed,  it  can  set  up  troublesome  local 
functional  disturbance,  hysterical  contracture,  and  the  like. 

DiAQHOsis. — The  diagnosis  of  neuritis  depends,  first  on  the  localisa- 
tion of  the  symptoms  to  the  distribution  of  a  certain  nerve-trunk,  and 
secondly  on  the  pain  and  tenderness  in  the  nerve.  The  diffuse  pains 
that  attend  the  onset  may  be  readily  mistaken  for  the  pains  of  acute 
rheumatism,  or  for  those  due  to  an  inflammation  of  the  boue,  but  in  the 
course  of  a  day  or  two  the  localisation  of  the  symptoms  declares  their 
nature.  The  chronic  form  is  easily  and  often  mistaken  for  neuralgia, 
and  the  diagnosis  is  the  more  difficult  because  many  so-called  neu- 
ralgias are  really  due  to  neuritis.  The  distinction  can  only  be  fully 
discussed  when  we  hare  considered  the  symptoms  of  neuralgia,  but  it 
rests  chiefly  on  the  fact  that  in  neuralgia  the  pain  intermits  more 
completely  than  in  neuritis,  there  is  not  the  same  initial  tenderness  in 
the  nerve-trunks,  and  the  tender  spots  have  a  more  uniform  localisation. 
Lessened  sensibility  or  change  in  the  muscles,  showing  organic  damage 
to  the  nerve-fibres,  are  conclusiye  evidence  of  neuritis.  The  pains  in 
some  central  diseases,  chiefly  those  of  the  spinal  cord,  may  be  thought 
to  be  due  to  neuritis,  but  there  is  not  the  local  tenderness  of  the 
nerve- trunks  and  the  pain  is  not  limited  to  the  distribution  of  a  single 
nerve.  As  we  shall  see  presently,  the  diagnosis  of  multiple  neuritis 
from  affections  of  the  cord  is  far  more  difficult. 

Pboonosis. — The  gravest  form  of  simple  neuritis  is  that  in  which  the 
nerve  is  affected  secondarily  to  a  local  suppurative  inflammation.  The 
prognosis  is  best,  as  a  rule,  in  traumatic  neuritis,  but  the  rule  is  one 
to  which  the  exceptions  are  occasionally  Tory  considerable  in  degree. 
A  neuropathic  disposition  makes  the  prognosis  worse.    In  all 
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ihe  intensitj  of  iihe  ■jmptomt,  and  the  evidence  of  deaoending  degoift- 
ratdon,  f  omiBh  a  more  trustworthy  guide  to  prognosis  than  does  the 
mere  form  of  the  affection.  The  effects  of  complete  degeneration 
always  endure  for  some  months.  Begeneration  does  not  occur  until 
the  original  cause  has  ceased  to  act,  and  then  occupies  many  weeks  in 
its  progress  to  the  restoration  of  functional  competence.  In  ail  forms 
pain  is  apt  to  linger  on,  and  the  longer  the  older  the  patient  is. 

TsBATMBiTT. — The  first  consideration  in  the  treatment  of  neuritis  is 
the  removal  of  its  cause,  if  this  can  be  discovered.  A  wound  or  injury 
or  local  inflammation  adjacent  to  the  nerve  mnst  be  dealt  with  by 
appropriate  measures.  Any  constitntional  cause,  such  as  gout,  must 
be  treated.  For  the  inflammation  of  the  nerve,  it  is  of  the  first 
importance  to  secure  to  the  part  as  perfect  rest  as  possible.  Move- 
ment causes  mechanical  irritation  of  the  nerve,  and  involves  functional 
stimulation  of  its  fibres,  both  of  which  are  injurious.  The  nerves  of 
a  limb  run  between  muscles,  and  the  contraction  of  these  muscles 
causes  pressure  on  the  inflamed  nerve,  and  irritates  it,  as  the  pain  thus 
produced  sufficiently  shows.  Pain  is  indeed  a  useful  indication  of  the 
harmful  influence  of  movement,  since  the  stimulation  of  the  nerves  of 
the  sheath,  in  which  the  pain  is  produced,  doubtless  has  also  a  reflex 
effect,  increasing  the  vaso-motor  element  in  the  infl -animation.  Hence 
it  is  most  important  that  all  movement  that  causes  pain  should  be 
avoided.  The  posture  of  the  limb  should  be  such  as  to  involve  the 
least  pain  and  the  least  danger  of  secondary  contracture.  The  general 
treatment  of  an  acute  neuritis  must  be  that  suitable  for  any  acute  local 
inflammation,  whatever  its  seat, — an  unstimulating  diet,  an  aperient, 
and  diiuretics.  In  gouty  cases  a  brisk  purgative  may,  with  advantage, 
be  given.  General  diaphoresis  is  useful  in  cases  that  are  due  to  cold, 
and  in  others  local  sweating  is  often  of  distinct  service.  The  limb 
may  be  steamed,  or  exposed  to  hot  air.  This  should  be  followed  by 
hot  fomentations  applied  along  the  course  of  the  affected  nerve,  and 
these  by  linseed-meal  poultices.  Leeches  may  also  be  employed  at  the 
onset  of  severe  cases.  When  the  inflammation  results  from  injury, 
cold  may  be  applied  along  the  course  of  the  nerve  instead  of  heat; 
both  probably  modify  the  vascular  disturbance  of  inflammation  in  a 
similar  manner.  Counter-irritation  may  be  used  at  the  onset  of  slight 
cases ;  but  when  the  inflammation  is  severe,  this  agent  is  more  effective 
during  the  subsidence  of  the  inflammation  than  during  its  active 
stage.  Blisters,  repeated  mustard  plasters,  or  stimulating  liniments 
may  be  used,  but  care  must  be  taken  not  to  blister  skin  that  is 
ansesthetic,  or  troublesome  ulceration  may  be  caused.  The  same 
caution  is  necessary  in  regard  to  hot  applications,  as  is  shown  by  the 
case  mentioned  on  p.  79. 

Spontaneous  pain  requires  sedativui,  of  which  the  hypodermic  injec- 
tion of  morphia  is  by  far  the  most  potent.  It  should  be  used  only 
for  spontaneous  p.  in,  and  not  to  enable  the  patient  to  use  the  limb  in 
a  way  that  would  [  roduce  pain  if  morphia  were  not  given.    Mechanical 
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jnitatkm  may  be  eqaaUy  injuxiouB,  althongli  the  pain  wUch  it  irotild 
cause  is  obviated  hy  the  sedatiye.  Moreover  it  should  only  be  used 
ai  a  last  retort»  when  the  agent  to  be  mentioned  next  is  inadequate. 
Morphia  has  little  influenoe  on  the  morbid  prooeBs;  it  lessens  the 
effect  of  the  dinoaao  on  the  brain  only  bj  acting  on  the  brain. 

In  cocaine  we  have  an  agent  capable  to  a  lai^  extent  of  replacing 
morphia*  and  of  a  greater  therapeutic  capacity.  Although  it  has  less 
power  of  leUeving  pain,  it  is  capable  of  doing  much  more  than  that. 
It  arrests  the  local  transmission  of  the  impulse:^  that  cause  pain,  and 
so,  at  a  limited  region,  it  does  lessen  psin  and  often  remove  it  for  a 
time,  and  the  local  character  of  its  action  enables  it  to  exert  a  simul- 
taneous influence  on  the  morbid  process.  It  prevents  the  irritative 
influenoe  on  the  inflamed  structures  of  the  impressions  that  are  felt  as 
pain,  which  we  have  just  considered;  and  the  entire  arrest  of  the 
influence,  even  though  the  region  is  small,  seems  to  produce  a  much 
greater  effect  on  the  process  than  might  be  anticipated.  It  is  in- 
structiTe  to  note  the  opposite  influence,  revealed  bj  the  occasional 
redness  of  the  skin  and  subcutaneous  cedema,  along  tiie  course  of  the 
inflamed  nerve.  The  injection  should  be  made  at  one  of  the  seats  of 
pain.  In  the  rheumatic  form  salicylate  of  soda  has  been  given,  but  is 
of  doubtful  value.  Iodide  of  potassium  sometimes  seems  to  be  useful, 
but  no  agent  has  so  distinct  an  influence  on  the  process  of  inflam- 
mation in  the  nerve  as  small  doses  of  mercury.  A  grain  of  blue  pill 
may  be  given  once  or  twice  a  day ;  and  if  morphia  has  to  be  injected 
at  the  same  time,  the  mercury  is  useful  also  in  correcting  the 
constipating  influence  of  the  moi-phia. 

In  the  chronic  stage  or  form,  counter-irritation,  by  blisters  or 
cautery,  is  of  great  value.  So  also  is  electricity,  which  has  little 
influence  during  the  acute  stage.  The  voltaic  current  should  be 
used.  The  positive  electrode  may  be  placed  over  the  inflamed  part  of 
the  nerve,  or  over  the  seat  of  pain,  and  kept  there  for  ten  minutes  at 
a  time,  the  strength  of  current  being  slight,  such  as  the  patient 
can  just  perceive.  In  very  chronic  cases  a  stronger  current,  sufficient 
to  cause  actual  pain,  is  of  service,  applied  in  a  similar  iranner,  but 
for  a  shorter  time.  It  has  probably  chiefly  a  counter-irritant  influence, 
and  faradism  may  be  used  in  the  same  way.  All  painful  impressions 
on  the  skin  lessen,  for  a  time,  the  nerve-pain. 

The  muscles  supplied  by  the  inflamed  nerve  may  be  left  alone, 
unless  their  wasting  is  marked,  or  the  degenerative  reaction  shows 
serious  damage  to  the  motor  fibres.  In  cases  of  moderate  severity 
they  will  recover  when  the  nerve  recovers.  All  that  is  desirable  is 
that  they  should  be  gently  rubbed  once  or  twice  a  day.  If  the  wasting 
is  considerable,  however,  or  there  is  degenerative  reaction,  they  should 
be  stimulated  to  gentle  contrnjiion  by  a  weak,  slowly  interrupted 
voltaic  current.  They  should  on  no  account  bo  f  aradised  during  the 
active  stage  of  the  affection,  even  if  they  act  to  faradism.  The  acute 
pain   that   the  faradic  stimulus  causes,  and  the  increased  tender. 
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ness  that  lasts  for  hotirs  afterwards,  are  evidenoe  of  its  injurious 
effect. 
In  aD  eases  attentaon  to  the  general  lieaUJi  is  of  great  hnportanoSL 

Tonics  are  needed  during  the  chronic  stage.  Change  of  air  will  some- 
times remove,  in  a  few  weeks,  symptoms  that  have  previously  been 
stationaiy  for  months. 

The  modifications  of  treatment  that  are  rendered  neoessarj  bj 
the  position  of  the  neuritis  will  be  considered  when  we  come  to  speak 
of  the  affections  of  the  several  nerves.  The  pathological  varieties  of 
neuritis  only  need  special  treatment  in  so  far  as  thej  depend  upon 
special  causes,  and  this  point,  as  already  mentioned,  must  always  be 
one  of  the  first  considerations. 


MORBID  GROWTHS  IN  NERVES  :  NEUROMA. 

The  term  "neuroma"  has  been  applied  indiscriminately  to  all 
morbid  growths  situated  on  the  peripheral  nerves.  The  discovery,  by 
Yirchow,  that  many  of  these  consist  of  a  growth  of  nerve-fibres,  while 
others  consist  of  heterologous  tissue  such  as  constitutes  morbid 
growths  elsewhere,  has  led  to  the  distinction  of  the  former  as  "true 
neuromata  *'  and  the  latter  as  "  false  neuromata,"  or  "  pseudo-neuro- 
mata," and  even  to  the  limitation  of  the  term  *'  neuroma"  to  a  growth 
of  nerve-tissue,  whether  in  the  central  or  peripheral  nervous  system, 
the  heterologous  growths  being  called  by  the  names  they  bear  in 
other  situations,  as  "  fibroma,"  "  sarcoma,"  &c.  The  latter  system  of 
nomenclature,  although  certainly  more  consistent,  has  not  become 
current  in  this  country. 

The  true  neuromata  may  consist  of  medullated  or  of  non-medullated 
nerve-fibres,  termed  "  myelinic  "  and  "  amyelinic  "  forms  by  Virchow. 
The  latter  were  for  a  long  time  regarded  as  fibrous.  The  occurrence 
of  ganglion-cells  has  been  proved  in  only  one  or  two  instances.  There 
is  connective  tissue  between  the  nerve-fibres,  which  varies  in  amount 
and  in  character,  and  faence  the  firmness  of  these  tumours  also  varies. 
'I'his  interstitial  tissue  may  be  so  abundant  as  to  constitute  an  inter- 
mediate form  between  the  true  and  false  varieties.  This  is  probably 
the  condition  in  most  cases  of  multiple  neuromata.  The  "  false  neuro- 
mata "  may  be  of  various  nature,  but  fibrous  growths,  "  fibromata,** 
are  far  more  common  than  any  other  kind.  Myxoma  occasionally 
occurs,  the  new  mucoid  tissue  growing  from  the  nerve-sheath.  In 
one  case*  a  mjxo-fibroma  as  large  as  a  goose  egg  involved  the 

•  SchuBter, '  Zeitschr.  f.  Heilknnde,*  1886,  vii. 
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■heath,  and  pressed  on  the  median  nerve,  a  piece  of  which,  when 
resected  with  the  tumonr,  showed  hyaline  degeneration  of  the  medul* 
kij  sheath,  the  aiis-eylinders  persisting  in  a  slightly  swollen  condi- 
tion. Glioma  is  yeiy  rare  on  the  peripheral  nerves,  although  occa- 
sionallj  f onnd  on  the  auditory  nerve ;  it  should  be  remembered  that 
this  form  of  growth  arises  from  the  same  embryonal  tissue  as  true 
neuroma.  Various  forms  of  sarcoma  have  been  met  with.  Carci- 
noma also  occurs,  yery  rarely  as  an  isolated  growth,  but  not  un- 
commonly as  a  more  or  less  diffused  or  nodular  infiltration  of  the 
nerve,  arising  by  extension  from  a  contiguous  growth.*  Syphilitic 
growths  are  common  on  the  cranial  nerves  within  the  skull,  but  are 
rare  elsewhere.  In  lepra  ancesthetica  the  nerves  are  infiltrated  with 
fibrous  tissue,  enlarging  them  to  many  times  their  normal  size.  The 
enlargement  is  rarely  nodular,  and  is  rather  a  chronic  cirrhotic 
inflammation  than  a  growth.     (See  Leprous  Neuritis.) 

A  curious  variety  of  neuroma,  consisting  of  interlacing  cords,  more 
or  less  nodular  and  tortuous,  is  termed  plexiform  neuroma.  The 
diKase  commonly  begins  in  foetal  life,  and  is  most  common  on  soma 
branch  of  thefifUi  nerve  in  the  orbit  or  the  upper  eyelid,  but  has  been 
met  with  over  the  temporal  bone,  in  the  lumbar,'  cervical,  brachial^ 
and  solar  plexuses,  on  the  penis  and  the  mamma.  It  may  be  quite 
superficial  or  deeply 
seated.  The  cords, 
from  1  mm.  to  seve- 
ral centimetres  in 
diameter,  consist  of 
a  clear  outer  zone  of 
concentric  fibrillar 
connective  tissue,  of 
inner  looser  nucle- 
ated tissue,  and,  in 

the  middle,  a  bundle     Fxo.46.-Plexiformneuron,a  from  the arWt  (After  Mar- 
of  nerve-fibres,  some         chend.)     The  conneotive  tissue  surrounding  tlie  cords 
normal,     others    de-         has  been  remoTedezeept  at  a, and  irregular, oylindiu'al, 
. .  muA         nodular  oords  are  seen  anaHtomosing.     A  nerre  pnaset 

generating.  ±  ne        ^^^  ^^  tumour  and  suddenly  becomes  enUrged. 

cords  are  connected 

together  by  loose  tissue,  sometimes  myxomatous,  separated  from 
the  proper  tissue  of  the  cords  by  an  epitheliated  space.  The  growth 
of  this  form  is  extremely  slow,  but  it  may  exert  compression  on 
adjacent  structures.f  A  remarkable  case  of  extensive  myxomatous 
disease  of  the  nerves  of  the  forearm,  congenital  in  origin,  pre- 
senting analogies  to  plexiform  neuroma,  is  recorded  by  Mr.  De 
Morgan.  { 

*  A  unique  ciise  of  rhabdomyoma  occurring  ir  %  nerve  is  recorded  by  Orlandl 
('  Arch.  p.  1.  KC  roed./  xix,  5). 
t  Marchand,  *  Virchow's  Archiv,'  Bd.  Ixxvi,  p.  86. 
J  «  Path.  Trans..*  vol.  xxvi,  p.  2. 


h 


. -r 


*-    .* 


,^ 


^^*- 


0AU8KS-  9S 

tli0f  mn  often  eKtnndiy  numenmB,  and  almost  ererj  nerve  in  the 
bodj  may  be  tnuiBformed  into  a  chain  of  growths.  In  the  case 
figiued  more  than  200  were  connted  in  the  right  arm  alone,  and  the 
total  number  of  growtha  in  the  body  cannot  have  been  leae  than  1000, 
wliile  in  another  8020  were  counted.*  Theee  multiple  neuro-fibromata 
have  a  great  tendency  to  undeigo  sarcomatous  degeneration.  They 
have  hence  been  termed  "  secondarily  malignant  neuromata."t 

The  tumours  are  almost  always  within  the  sheath  of  the  nerve 
(Fig.  50).  Sometimes  they  are  on  one  side,  and  the  nerve  may  pass 
by  unchanged.  More  oft^  the  substance  of  the  nerve  is  involved, 
and  the  fibres  may  be  separated  and  spread  out  on  the  surface 
(Fig.  49).  Even  then  they  may  not  be  damaged.  They  suffer  far 
more  in  heterologous  growtiis  than  in  true  neuromata. 

Gattsss. — ^The  causes  of  neuroma  are  generally  obscure.  Multiple 
neuromata  are  sometimes  hereditary,  and  are  probably  due,  in  most 
cases,  to  a  congenital  tendency  of  tissue  growth.  Plexif orm  and 
multiple  neuromata  have  been  met  with  in  the  same  family.  They 
are  said  to  be  sometimes  the  result  of  general  neurotic  predisposition, 
and  evidence  of  this  is  found  in  the  occasional  occurrence  of  neuro* 
mata  in  the  subjects  of  cretinism  or  idiocy,  of  which  some  remarkable 
examples  liave  been  recorded.  It  is  now  generally  held  that  multiple 
and  plexif  orm  neuromata,  together  with  the  affection  known  as  ele- 
phantiasis neuromatodes,  are  results  of  the  same  congenital  process.) 
Multiple  neuromata  are  said  to  be  almost  confined  to  men.  The 
iK>lated  form  is  not  uncommon  in  women.  They  may  occur  at  any 
age.  Yirchow  believes  that  they  are  unusually  common  in  the 
phthisical  and  scrofulous. 

Of  traceable  immediate  causes  the  most  frequent  is  traumatic 
injury.  Pressure,  punctured  wounds,  or  dirision  of  the  nerves  may 
give  rise  to  them,  apparently  by  a  perversion  in  the  process  by  which 
cicatrisation  takes  place.  A  well-known  instance  is  the  formation  of 
the  so-called  "amputation  neuromata,"  or  "bulbous  nerves,"  round 
or  oval  growths,  the  size  of  a  bean  or  larger,  which  form  on  the 
divided  extremities  of  the  nerves  in  the  stump  left  after  an  amputation. 

The  oocurrence  of  new  growths  containing  nerve-fibres  may  seem  to 
be  very  remarkable.  We  must  remember,  however,  how  hiequently 
they  are  connected  with  traumatic  causes,  t.  s.  take  origin  in  cicatricial 
processes.  In  such  processes  the  nerve-fibres  present  a  remarkable 
power  of  growth.  Banvier  has  shown  that  from  the  end  of  each  old 
fibre  several  new  fibres  grow,  only  one  of  which  probably  ultimately 
persists.  Under  apparently  mechanical  infiuences  some  of  these  fibres 
may  twist  about,  and  even  turn  and  grow  upwards.    It  is  thus  not 

•  'Mtd.  Timet  iind  Gks.,'  1888,  i,  p.  153. 

t  Gtff^, '  Beititge  t.  kiln.  Cliir.,'  iz  i  ScbeTen,  ibid.,  ztii. 

t  8m  Mpeeklly  Klnottl.  *  Virch.  Arefa.,'  czliiL  Some  go  lo  far  as  to  inelade 
atoUstsam  flbsossm  fai  the  lains  eetegory  (Soldao,  *  Inaog.  DUt.,'  Berlhi,  quoted  in 
•V5«l>.  Jahrb.,*  zzz,  I.  p.  281). 
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difficnlt  to  nndentand  that  a  tnie  neoroma  may  lesolt  from  injniy  to 
a  nerre ;  it  is  said,  indeed,  that  the  ends  of  the  neires  in  amputation 
stumps  are  generally  enlarged  into  minute  bulbs,  which  contain  more 
fibres  than  do  the  nerres  on  which  they  are  situated.* 

Symptoms. — ^These  may  be  entirely  absent,  especially  in  the  case  of 
multiple  (true)  neuromata,  which  are  sometimes  disooyered  post 
mortem  when  their  existence  has  not  been  suspected.  Often,  how- 
eyer,  they  cause  marked  symptoms.  The  most  frequent  is  pain 
seated  in  the  tumour  (which  may  be  extremely  tender)  or  referred  to 
the  distribution  of  the  nerye,  often  acute,  burning,  or  darting,  and 
frequently  intermittent.  It  may  be  increased  by  pressure  on  the 
tumour.  In  the  case  of  the  terminal  neuromata  local  pain  may  be  the 
only  sensory  symptom ;  but  when  the  nerye-fibres  suffer,  parsesthesisB, 
numbness,  or  formication  may  be  complained  of,  and  ultimately  sen- 
sation may  be  lessened  or  lost.  Paralysis  of  the  muscles  supplied  by 
the  nerye  is  occasionally  met  with,  the  region  paralysed  corresponding 
to  the  distribution  of  the  nerye  on  which  the  tumour  is  situated, 
except  in  the  case  of  neuromata  in  the  oauda  equina,  from  which 
paraplegia  may  result,  with  flexor  spasm.  A  neuroma  of  the  pneumo- 
gastrio  may  cause  graye  cardiac  disturbance,  sonietimes  increased  by 
pressure  on  the  tumour. 

More  common  motor  symptoms  are  reflex  spasms  in  adjacent  or 
eyen  distant  muscles.  For  instance,  in  a  case  of  *'  bulbous  neryes  " 
in  the  stump  after  amputation  at  the  shoulder- joint,  the  muscles  on 
that  side  of  the  neck  were  in  constant  clonic  spasm.  Occasionally 
epileptiform  conyulsions  are  produced,  and  haye  been  known  to  cease 
when  a  painful  neuroma  had  been  excised.  The  occurrence  of  these 
symptoms  has  little  relation  to  the  size  of  the  tumour. 

When  the  neuromata  are  in  accessible  situations  they  may  be  felt. 
Sometimes  they  giye  rise  to  yisible  tumours,  and  in  multiple  neuroma 
the  course  of  the  superficial  neryes  may  be  marked  out  by  lines  of 
bead*like  swellings,  as  in  Fig.  47.  The  cutaneous  neuromata  also 
cause  yisible  swellings.  The  whole  abdomen  was  coyered  with  such 
nodules  in  the  case  recorded  by  Smith  (Fig.  4S),  They  are  sometimes 
not  sensitiye,  sometimes  exquisitely  tender  and  most  painful,  especially 
when  closely  united  with  t^e  skin.  Pressure  on  the  nerye  aboye  the 
tumour  commonly  lessens  the  pain. 

Plexiform  neuroma  rarely  causes  other  symptoms  than  the  signs 
manifesting  its  local  presence.  The  functions  of  the  nerye-fibres 
inyolyed  are  not  usually  interfered  with.  Once  or  twice  ansssthesia 
of  the  skin  has  been  obseryed. 

Course. — ^The  growth  of  neuromata  yaries  greatly  in  rapidity. 
When  symptoms  occur  they  most  commonly  last  for  a  long  time, 
increasing  in  severity,  and  f  lom  the  long-continued  pain  the  patient 
may  ultimately  be  worn  out.    In  other  cases  the  symptoms  show 

•  Howlby,  loG.  eit.,  p.  SOl 
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little  tendencf  to  increase,  ajid  in  me  ingtaTioeB  they  may  leeaen  in 
aererily  and  eyen  disappear. 

DiAOHoaiB. — ^The  recognition  of  the  existence  of  a  nenroma  depends 
on  its  superficial  position,  or  on  the  production  of  symptoms  of  damage 
to  the  nerve.  The  hitter,  when  existing  alone,  are  equivocal,  since  they 
may  be  due  to  pressure  on  the  nerve  from  an  adjacent  growth,  or  even 
to  neuritis.  The  disease  may  be  suspected  if  symptoms — pain,  nimib- 
ness,  weakness — occur,  limited  to  the  distribution  of  a  nerve-trunk, 
and  no  cause  of  external  pressure  can  be  discovered,  and  the  long 
course  of  the  symptoms  makes  it  unlikely  that  they  are  due  to 
neuritis.  The  diagnosis  can,  however,  only  be  certainly  made  when 
the  tumour  can  be  felt.  Secondajry  subcutaneous  sarcomata  may  very 
closely  resemble  neuromata. 

The  diagnosis  of  the  kind  of  neuroma,  whether  **  true  **  or  "  false,*' 
is.  composed  of  nerve-fibres  or  other  tissue,  is  vexy  difficult.  Multiple 
neuromata  are  usually  true,  and  of  veiy  slow  growth ;  false  neuromata 
are  raidy  multiple  imless  they  are  of  infecting  nature  and  rapid  in 
development.  The  existence  of  idiocy,  or  other  neuropathic  indication, 
is  in  faTour  of  the  neural  nature  of  tiie  tumours.  The  lateral  position 
of  the  growth  on  the  nerve  is  in  favour  of  its  **  false  "  character. 
The  diagnosis  of  plexif  orm  neuroma  is  only  possible  when  the  tortuous 
nodular  cords  can  be  felt. 

Pboonobib. — ^This  depends  on  the  existence  of  symptoms.  If  these 
are  absent,  unless  the  tumour  is  of  rapid  growth,  l^ere  is  good  reason 
to  hope  that  they  will  not  occur.  In  multiple  (true)  neuromata  the 
nerve  is  less  likely  to  suffer  than  in  isolated  growths.  If  symptoms 
are  present  the  prognosis  is  less  favorable,  and  depends  on  the  ten- 
dency which  they  exhibit  to  increase. 

TsBAxmirT. — ^Medicines  are  useless  except  in  the  syphilitic  forms 
of  nerve-tumour,  not  here  considered.  Extirpation  is  the  only  remedy. 
If  the  tumour  is  lateral,  and  can  be  shelled  out,  the  removal  entails 
little  risk.  If,  however,  the  growth  infiltrates  the  substance  of  the 
nerve,  the  affected  part  must  be  excised,  and  the  ends  brought 
together.  The  risk  of  permanent  loss  of  function  in  the  nerve  is 
great,  and  in  deciding  on  such  an  operation,  the  urgency  of  the 
symptoms,  and  the  importance  of  the  function  of  the  nerve,  must  be 
taken  into  consideration.  After  the  extirpation  of  such  tumours,  the 
tendency  of  cicatricial  processes  in  nerves  to  go  on  to  the  formation 
of  similar  growths  (seen  in  "  bulbous  nerves  ")  renders  the  chance  of 
idapse  considerable.  The  operation  reproduces  conditions  favorable 
for  the  activity  of  whatever  predisposing  influence  aided  in  the  original 
development  of  the  disease.  When  neuromata  are  multiple,  surgical 
treatment  is  out  of  the  question,  except  for  isolated  tumours  that 
cause  distress. 

In  the  case  of  terminal  neuromata — ^whether  the  cutaneous  "  tuber- 
cula  dolorosa  "  or  the  amputation  neuromata — excision  is  practicable, 
and  it  ia  unattended  with  the  risks  attending  interference  with  a 
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nerf*  ialtB  oontmuitj.    In  ampntation  flaps  the  cbanoa  of  a  rdapie 
is  considerable. 

In  pleziform  neoioiiiaeidsion  is  imdenra 
is  of  any  use. 

Fain,  and  the  reflex  spasm,  that  are  so  distressing  in  ampataiiian 
neuromata,  need  relief  when  attempts  to  core  haTe  failed.  Bj  ner?e- 
stretching  we  maj  perhaps  give  relief  without  the  effects  that  follow 
excision,  and  in  cocaine  we  hare  a  means  of  arresting  for  a  time  the 
ingoing  impulses  that  play  an  important  part  in  generating  the 
symptoms.  The  rest  thus  giren  to  the  centre  is  absolute,  and  its 
degree  and  frequent  repetition  may  compensate  for  its  brsTity. 


DISEASES  OF  SPECIAL  NEBVES. 

The  diseases  of  the  cranial  neryes  may  be  most  oonTeniently 
considered  in  connection  with  the  diseases  of  the  brain.  Hers^ 
therefore,  only  the  affections  of  the  spinal  nerres  will  be  described, 
in  so  far  as  they  present  special  features.  The  effect  of  paralysis 
of  the  individual  muscles  has  been  already  described  in  detail,  and 
need  not  be  here  repeated,  except  in  general  terms,  or  in  so  &r  as  the 
association  of  palsies  resulting  from  a  nerve-lesion  presents  a  parti- 
cular character. 

Phbsnio  NBaYS.— Impaired  function  of  the  phrenic  nerve  is 
oommonly  the  result  of  disease  of  the  spinal  cord,  or  of  the  roots  of 
the  nerve— the  third  and  fourth  cervical  trunks — ^from  disease  of  the 
membranes  or  the  bones.  The  deep  position  of  the  nerve-trunk  pro- 
tects it  from  injiu^,  but  it  is  occasionally  damaged  in  wounds  of  the 
neck,  and  in  its  course  through  the  thorax  it  may  be  compressed  by 
tumours,  aneurisms,  &c.,  or  involved  in  inflammations  of  the  pleura. 
Paralysis  of  one  nerve  sometimes  follows  exposure  to  cold,  and  is 
ascribed  to  neuritis.  That  of  both  has  been  met  with  in  multiple 
neuritis ;  it  has  also  been  observed  following  diphtheria  and  influensa, 
in  the  course  of  tabes  (Gbrhardt)  and  progressive  muscular  atrophy, 
and  in  poisoning  by  lead  and  alcohol.  In  disease  of  the  spinal  oord 
and  membranes  both  nerves  are  usually  paralysed ;  causes  acting  on 
the  nerve-trunk  usually  affect  one  only.  The  effect  and  symptom  of 
paralysis  is  inaction  of  the  diaphragm  (see  p.  S3).  If  one  nerve  only 
is  affected,  the  diaphragm  does  not  descend  on  that  side^  bat  the 
movement  of  the  other  side  lessens  the  resulting  defect  of  movement, 
and  it  can  then  be  detected  only  by  dose  ^  bservation.  The  loss  of  the 
action  of  the  diaphragm  has  little  effect  on  the  respiratoiy  functions 
while  the  patient  is  at  rest,  but  dyspnoea  is  said  to  be  leadQy  pro- 
duced by  exertions  the  breathing  then  becomes  quiek  jand  the  voice 
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feeUe.  At  the  same  time  this  is  probably  chiefly  because  too  much 
and  too  constant  work  is  thrown  on  the  upper  thoracic  musdes  of 
extraordinary  breathing.  Any  lung  disease,  such  as  an  attack  of 
bronchitiB,  is  rendered  far  more  serious  by  the  diminished  breathing 
power.  When  the  diaphragm  is  paralysed,  the  movement  of  the 
thorax  is  often  increased,  and  the  expansion  of  the  lower  part  may 
draw  forwards  the  adjacent  abdominal  wall.  This  must  not  be  mis- 
taken for  the  effect  of  the  descent  of  the  diaphragm.  Paralysis  has 
to  be  distinguished  from  (1)  abnormal  ner  o  is  breathing.  The  dia- 
phragm is  used  little  in  extraordinary  breathing,  which  is  chiefly  by 
the  upper  part  of  the  thorax,  of  the  "  superior  costal  type,"  as  it  is 
called.  Hysterical  and  nervous  patients  will  often  breathe,  for  a 
time,  only  in  this  manner,  even  when  at  perfect  rest,  especially  when 
they  are  under  observation.  Such  breathing  is  no  doubt  facilitated 
in  women  by  the  fact  that  the  diaphragm  is  habitually  used  by  them 
less  than  by  men.  Eepeated  examination  may  be  necessary  to  deter- 
mine whether  there  is  any  real  paralysis  of  tiie  diaphragm  in  these 
cases.  A  single  diaphragmatic  inspiration  settles  the  point.  The 
patient's  attention  should  be  distracted,  and  she  should  not  be  aware 
of  the  object  of  the  examination.  (2)  Inflammation  of  the  diaphragm 
may  arrest  its  movement,  and  so  also  may  diaphragmatic  pleurisy  or 
peritonitis — each  distinguished  by  the  fact  that  it  is  usually  secondary 
to  adjacent  inflammation,  and  any  movement  causes  characteristio 
pain.  (8)  A  primary  and  isolated  degeneration  of  the  muscular  fibres 
of  the  diaphragm  has  been  described  by  Callender  and  others  as  com- 
mon after  death,  but  it  has  not  yet  been  proved  to  cause  symptoms* 
and  needs  further  investigation. 

Paralysis  may  be  due  to  disease  of  the  nerve,  its  roots,  or  of  the 
spinal  cord.  In  the  latter  case  other  muscles  always  suffer ;  in  the 
former  the  diaphragm  usually  suffers  alone,  the  result  of  peri- 
pheral neuritis.  The  distribution  and  the  course  of  the  other  palsies 
are  distinctive.  By  far  the  most  common  cause  is  disease  of  the  spinal 
cord«  local  or  ascending  from  below  and  adding  this  final  effect  to  the 
preceding  palsy  of  the  intercostals.  In  disease  of  the  nerve-roots  there 
are  other  indications  of  the  position  of  the  disease.  The  affection  it 
often  overlooked  because  not  searched  for,  especially  in  local  disease 
of  the  cervical  cord.  The  observer  forgets  that  its  associations  are  not 
with  the  lower  dorsal  muscles,  and  he  omits  to  look  for  it  in  cases  in 
which  the  cervical  cord  is  suffering  and  other  respiratory  muscles  act 
welL 

If  there  b  reason  to  suspect  partial  neuritis  as  from  cold,  hot 
fomentations  at  first*  and  afterwards  counter-irritation,  should  be 
applied  over  the  lower  and  inner  part  of  the  anterior  triangle  of  the 
neck.  The  only  other  special  point  in  treatment  is  the  application  of 
electricily.  The  nerve  may  be  stimulated  by  pressing  the  rheophore 
deeply  outside  the  lower  part  of  the  clavicular  portion  of  the  stemo- 
mostoid.  The  other  pole  may  be  plaoed  at  the  epigastrium  or  over  the 
VOL.  I.  7 
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oorresponding  haJf  of  the  diaphragm.  But  the  influence  of  electrioitgf 
on  paralysis  of  the  diaphragm  is  not  sufficient  to  make  its  nse  desir- 
able. In  the  "cases  in  which  such  treatment  could  do  good  the  affec- 
tion is  transient  and  comparativelj  unimportant.  In  central  disease 
electricity  has  rexj  little  influence. 


NlBTBS  OV  THl  UpPBB  LiMB. 

The  nerves  of  the  arm  and  shoulder  are  derived  from  the  five  lower 
cervical  and  the  flrst  dorsal  nerves.  These  interlace  in  the  brachial 
plexus  in  such  a  complex  manner  that  most  of  the  nerves  of  the  arm 
are  derived  from  many  spinal  roots. 

The  nerve-roots  form,  bj  their  union » three  tmnks,  which  we  maj  indicate  bj 
Boman  nnmerals.  The j  are  formed  thas : — I,  by  the  branch  from  the  fourth,  and 
the  roots  of  the  fi  Fth  and  sixth  cervical ;  II,  by  the  seventh ;  and  HI,  by  the  eighth 
cervical  and  the  first  dorsal.  Each  tmnk  di  vidcfl  into  two  paHs,  and  the  union  of 
these  divisions  forms  the  three  cords  of  the  brschial  plexus  from  which  the  nerves 
of  the  arm  proceed.  But  before  the  primary  trunks  divide,  certain  nerves  arise, 
the  origin  of  which  is  thus  less  doubtful  The  fifth  and  sixth  cervical  roots  give 
origin  directly  to  the  posterior  thoracic  nerve  for  the  serratus,  and  from  the  ooxd 
formed  by  their  union  springs  the  supra-scapular  nerve.  The  three  cords  of  the 
plexus  have  the  following  relations :— The  posterior  is  derived  from  all  three 
primary  trunks,  and  gives  rise  to  the  subscapular  nerve,  the  circumflex,  and  the 
musculo-spiral  (or  radial,  as  the  whole  nerve  is  sometimes  termed).  The  upper 
or  outer  cord  is  derived  from  the  two  upper  primary  trunks,  i.  s.  from  the  fourth, 
fifth,  sixth,  and  seventh  cervical  roots,  and  from  it  proceed  one  anterior  thoracic 
and  the  musoulo-outaneons  nerves,  together  with  the  outer  head  of  ths  median. 
The  inner  or  lower  cord  is  derived  only  from  ths  lowest  primary  trunks  i.  . 
from  the  last  csrrical  and  first  dorsal,  and  gives  rise  to  the  ulnar,  the  inner 
head  of  the  median,  the  internal  cutaneous,  ths  intaroosto-hnmsral,  and  to  the 
second  anterior  thoracic  nerves.  It  may  be  sonTSiiiisnt  to  put  these  ooane 
•natomical  nlations  in  the  form  of  a  table. 

Primary  TrwikB. 


Subscapular    «   « 
Ciionmflex      .  I     "v* 
Musoulo^piralJ   «'"* 


L  ] 

4,  6,  and  6  C.  xjpper     P^»*«™»^  ■"*•  *>*<n»«fa- 

II,  eoid      ■{  ^^■^''^l^cutaneons, 
6  and  7  a    J  lOuter  head  of  | 

III  f  median* 

g  q\  pinner  head  of  J 

Internal  cutaneous. 
Intercosto-bumeraL 
Internal  ant.  thoracic. 

These  anatomical  fact^  however,  give  us  little  help  in  tracing  the  relation  of 
the  nerves  to  the  spinal  roots.     The  investigations  of  Ferrier  and  Yeo,*  who 

•  «Proc.  Roy.  Soc.,'  March  SUt,  1881.  Careful  disMCtions  bj  Herringliam  (ef. 
March  26th,  1887)  give  somewhat  diiferent  results  but  this  method  of  investigation 
is  open  to  more  uncertainties  than  that  of  stimulation.  Herringham's  eonelusioBS 
•hould,  however,  be  noted  by  future  investigators. 


Lower 

eord 
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Moertained  the  moyementi  prodnoed  by  fandising  the  several  wpinal  roots  in  th« 
Dookej,  show  ns  the  way  in  which  the  movements,  muscles,  and  nerrw  an 
represented  in  the  spinal  roots.  Their  results  are  therefore  of  great  interest^ 
although  we  are  not  justified  in  transferring  the  facts  to  man  exoept  in  to  &r 
M  .they  receive  confirmation  from  human  anatomy  and  pathology.*  Snhjeot  to 
this  reserration,  the  chief  resnlts  are  important,  and  may  be  thus  stated  xf 

The  roots  to  which  the  seyeral  nerves  are  thus  traced  are  as  follows  :-*Siib« 
•capnlar,  6  and  7  C. ;  circumflex,  4  and  6  C. ;  mnsculo-spiral,  4,  5,  6,  T*  8  0.  | 
muscnlo-cntaneous,  4.  5  C« ;  median,  6,  6,  7,  8  C.  s  nlnar,  8  0.«  1  D. 

Still  more  important  are  their  observations  on  the  relation  of  variona  moT»» 
ments  of  the  arm  to  the  nerve-roots,  and  these  are  as  follows  s 

Cervical  4.—  Elevation  and  retraction  of  the  arm,  flexion  and  supination  of 
the  forearm ;  by  the  rhomboids,  supra-  and  infra-spinatus,  biceps»  brachialisy 
and  Bupinatoni. 

C^irviedl  5.— Similar  to  the  last,  but  without  retraction  of  the  arm,  and  wHh 
extension  of  the  wrist  and  first  phalanges ;  by  the  deltoid,  sarratnsy  flexors  of 
•Ibow,  extensors  of  wrist,  and  long  extensors  of  fingers. 

Cervical  6w-»Adduotion  and  retraction  of  the  upper  arm,  txtension  and  pio- 
nation  of  the  forearm,  flexion  of  the  wriet ;  by  contraction  of  the  peotonli^ 
latissimus  dorsi,  triceps,  flexors  of  wrist,  pronatora. 

Carvieal  7.— Adduction  and  rotation  inwards  at  the  shoulder- joint,  flexioa  of 
the  wrist,  and  of  the  fingers  at  the  second  phalanx;  by  the  teres  major, 
latissimus  dorsi,  subscapularis,  triceps,  and  long  flexors  of  the  fingers. 

Cervical  8. — ^Flexion  of  fingers  and  thumb  so  as  to  close  the  fist ;  flexion  of 
wrist  towards  the  nlnar  side,  pronation  of  forearm,  extension  of  elbow ;  by  the 
intrinaic  muscles  of  the  hand,  the  long  flexors  of  the  Angers  and  thumbs  iha 
flexom  of  the  wrist  and  the  triceps. 

Dorsal  L— Adduction  of  the  thumb,  flexion  of  the  fingen  at  the  meiaeupo- 
phalangeal  joints ;  by  the  interossei,  &o. 

Thus  moat  movements  are  related  to  many  spinal  roots.  The  nerves  supplying 
each  muscle  have  a  correkpondingly  multiple  relation  to  the  spinal  roots.  U 
cannot  be  traced  anatomically,  but  has  been  ascertained  by  comparing  the 
nsults  of  experiments  on  animals  with  those  of  disease  and  injury  in  man,  and 
(in  the  case  of  sensation)  of  the  division  of  roots  for  the  treatment  of  some 
forma  of  disease.  The  facts  thus  ascertained  have  been  confirmed  by  casee  of 
disease  of  the  spinal  cord  itself,  which,  when  sufficiently  limited  to  bo  significant^ 
have  been  found  to  agree  closely  with  observations  on  the  roots.  The  con- 
etituenta  of  each  nerve-root  come  from  a  definite  part  of  the  cord,  which  is 
termed  the  corresponding  spinal  "segment."  A  single  muscle  is  seldom 
related  to  a  single  segment ;  usually  its  nerve-fibree  come  from  parts  of  two 
segments,  or  even  from  three.  Its  representation  in  the  grey  matter  of  the  cord 
eorresponds  to  its  relation  to  the  nerve-roots,  and  has  often  a  considerable 
vertical  extent.  The  most  important  relations  are  these  s  that  of  the  deltoid, 
rhomboids,  supra-  and  infra-spinatus,  flexors  of  the  elbow,  and  supinators  to 

*  In  the  case  of  the  leg  there  are  some  important  discrepancies  between  the 
results  In  the  ape  and  the  conditions  that  obtain  In  man.  These  will  be  noticed  in 
their  proper  place. 

t  Ferrier  has  sinoe  stated  that  the  relations  he  gave  (followed  In  the  text)  were  all 
one  nerve  too  high  (*  Proe.  Boy.  Soc,'  1888,  voL  xxxv,  p.  220),  but  thb  would  make 
the  Innervation  of  the  intrinsic  musdes  of  the  band  from  the  second  dorsal  norvib 
which  Is  certainly  not  the  case  In  i 
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the  fourth  and  fifth  cervical ;  that  of  the  addtioton  of  the  arm  and  extemoit 
of  the  elbow  to  the  sixth  and  aeventh  nerves;  pronation  to  the  sixth  and 
e?ghth ;  extension  of  the  wrist  to  the  ifth ;  flexion  to  the  eighth ;  extension  of 
the  firat  phalanx  to  the  fifth ;  flexion  of  the  fingeiv  to  the  seventh  and  eighth^, 
and  the  action  of  the  intrinsic  muscles  of  the  hand  to  the  first  dorsal.  These 
facts  will  probablj,  in  the  futare»  find  important  practical  applications. 

Regarding  the  relation  of  the  sensory  branches  to  the  nerve-roots,  we  have, 
besides  the  facts  of  anatomy,  only  the  evidence  furnished  by  rare  cases  of 
injury  or  disease  in  whioh  the  lesion  and  its  efEeots  are  well  defined.*  Few 
faets  of  this  character  are,  however,  so  conclusive  as  that  illustrated  in  Fig.  61,  in 
which  the  area  shaded  by  slanting  lines  was  rendered  anesthetio  by  the  division 
of  the  posterior  roots  of  the  last  cervical  and  first  doraal  nerves.  The  general 
indications  are  that  the  distribution  of  the  sensory  fibres  of  the  nerve-roots  is 
along  the  axis  of  the  limb,  and  not  across  it.  The  last  two  pairs  of  nerves 
Bopply  the  ulnar  side  oF  the  limb  and  the  finger  tips,  the  fifth  pair  the  radial 
side  and  the  middle  roots  of  the  brachial  plexus,  the  middle  lone  of  eaoh  side  of 
the  limb  and  the  thumb.f 


Fio.  61.— Aren  of  impaired  sensation  after  division  of  the  posterior 
branches  of  the  8th  C.  and  1  D.  nerves,  by  Professor  Horslej  lor  inveterate 
paroxysmal  neuralgia  in  that  region. 

Paralysis  of  the  nerves  of  tbe  npper  limb  may  be  doe  to  disease  of 
the  nerre-roots,  of  the  plexus,  or  of  the  trunks  that  arise  from  tbesa 
It  is  conyenient  to  consider  first  the  diseases  of  the  nenre-tronks,  and 
afterwards  those  of  the  nerve-roots  and  of  the  plexus.  From  the 
roots  themselves  only  one  important  nerve-trunk  is  derived : — the  pof* 
terior  thoracic  nerve.    The  others  spring  from  the  plexus. 

'xhe  morbid  infiluences  that  affect  the  nerves  of  the  arm  are  veiy 
varied.  The  brachial  plexus  passes  close  to  the  shoulder-joint,  and 
hence  dislocation  often  damages  the  nerves,  sometimes  one  only,  some- 
times several,  and  occasionally  all  the  trunks.    In  fractures  of  the 

*  Instructive  facts  of  thiA  chnractpr  will  be  found  In  pnpers  by  Thorburn, 
•Brain/  Janusiry,  1887,  nntl  October,  1887,  Allen  Starr  (* American  Journal  of  the 
Me<1i<  a1  Sciences/  1892),  and  Head  (<  Brain/  1898  and  1894),  who  has  mapped  oat 
the  ureas  represeutiug  the  RC^mental  distribution  of  the  sensory  fibres  of  the  spinal 
cnl  by  niean«  of  obsei-VHtions  on  superficial  tenderness  accompanying  viscerxl 
disease^  on  cases  of  herpes  zoster,  and  on  cases  of  spinal  oord  di^(esse•  (See  diagraini 
at  end  of  Chapter  on  "  Functioni/') 

t  This  is  due  to  the  m'ide  of  growth  of  the  arm-hud  in  the  embryo,  sa 
shown  by  Ro«s  in  a  moot  mstrnciive  paper,  '  Brain,'  January  7tli«  1888.  See 
also  ebapter  on  i  lie  Functions  of  the  Spinal  Cord. 
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bones  tlie  nerves  adjacent  may  be  torn,  or  maj  be  compressed  by 
the  ends  of  the  bone,  or  by  the  callus  that  is  formed,  especially  by  the 
«xterior  '*  fibrous  caJlus.**  The  musculo-spiral  nerve  is  most  prone  to 
suffer  from  its  proximity  to  the  humerus,  and  in  one  such  case  the 
nerve,  when  exposed,  was  found  not  only  to  be  embedded  in  the  callus 
tissue,  but  to  have  been  divided  for  about  one-third  of  its  diameter, 
opposite  the  fracture.  Banda^;es  that  are  applied  are  occasional  sources 
of  compression,  and  there  is  especial  danger  of  harm  from  those  that 
secure  a  splint  applied  to  prevent  motion  in  cases  of  neuritis.  Unless 
loss  of  sensation  draws  attention  to  it,  the  injury  is  generally  only  dis- 
covered when  the  splint  is  given  up,  and  therefore  its  possibility  should 
be  remembered.  The  course  of  certain  nerves  is,  in  some  parts  of 
the  arm,  especially  apt  to  be  directly  involved  in  wounds  of  various 
kinds,  or  they  may  be  compressed  by  the  cicatricial  fibrous  tissue  when 
the  wound  is  merely  near  the  nerve. 

The  position  of  some  exposes  them  to  pressure  against  the  unyielding 
bona  Even  slight  pressure  on  these  nerves  is  effective  when  prolonged, 
as  it  often  is  during  sleep,  when  warning  sensations  are  unperceived. 
The  sleep  induced  by  alcohol  is  especially  apt  to  be  attended  by  this 
accident.  Hence  there  is  a  group  of  "  Sleep-paMei"  of  the  arm, 
chiefly  of  the  musculo-spiral  and  median  nerves,  rarely  of  the  plexus 
itself.  One  nerve,  the  musculo-spiral,  passing  between  the  bone  and 
the  triceps,  is  occasionally  bruised  by  the  contraction  of  the  muscle. 
'  Primaiy  neuritis  may  iavolve  any  nerve,  or  the  brachial  plexus,  or 
the  nerve-roots ;  certain  nerves  are  also  particularly  prone  to  suffer  in 
peripheral  neuritis.  The  inflammation  of  the  plexus,  which  is  a 
unilateral  periaeuritis,  is  separately  described  (Brachial  Neuritis)  ; 
the  latter  is  considered  in  the  general  account  of  Multiple  Neuritis. 
Secondary  neuritis,  set  up  by  injury  or  by  adjacent  inflammation,  may 
extend  upwards,  and,  reaching  the  plexus,  spread  to  other  nerves. 
Neuromata  are  rare.  Various  morbid  processes  in  the  neck  may  involve 
the  nerve-roots. 

Poderior  Thoracic  Nerve — Nervfi  to  (he  Serratus. — ^In  consequence 
of  its  position  and  long  course,  the  nerve  to  the  serratus  often  suffers. 
After  being  formed  in  the  substance  of  the  scalenus  medius  muscle, 
by  the  union  of  branches  of  the  fifth  and  sixth  cervical  nerves,  it  passes 
behind  the  brachial  plexus  and  along  the  side  of  the  chest  to  the 
lower  border  of  its  muscle.  It  is  in  the  neck  that  the  nerve  is  most 
often  injured ;  iajury  to  the  axilla  less  often  implicates  it.  It  may  be 
damaged  in  the  neck  by  direct  pressiu'e — as  in  carrying  on  the  shoulder 
a  heavy  sharp-cornered  object — or  by  severe  muscular  efforts,  such  as 
carrying  a  weight  that  does  not  press  into  the  neck,  wielding  a  heavy 
hammer,  or  long-continued  exertion  with  the  raised  arm,  as,  for  instance, 
in  whitewashing  a  ceiling.  In  such  cases  a  traumatic  neuritis  is  set  up 
by  the  violent  compression  of  the  nerve  consequent  on  the  forcible  or 
jxrolonged  contraction  of  the  muscle  through  which  it  passes.    Whe^^ 
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the  onaet  of  the  palsj  occurs  immediatelj  on  the  exertion,  a  paralysing 
injury  to  the  nerre  must  hare  occurred,  which  will  be  followed  hj 
secondary  neuritis.  Falls  and  blows  on  the  neck  and  shoulder  are 
occasional  causes ;  there  is  usually  much  bruising  of  the  adjacent  parts. 
Punctured  and  gun-shot  wounds  occasionally  involve  the  nerve,  which 
may  also  be  affected  in  or  after  typhoid  fever,  influenza,  and  diphtheria. 
The  least  frequent  cause  is  exposure  to  cold,  such  as  a  draught  on  the 
neck,  or  sleeping  on  damp  earth.  I  have  once  known  it  to  follow  par- 
turition, developing  four  days  afterwards,  doubtless  from  neuritis 
excited  either  by  the  muscular  exertion  or  by  exposure  of  the  neck  to 
cold  during  the  labour.  An  hysterical  paralysis  in  the  distribution  of 
the  nerve  has  been  described  by  Yerhoogen.  The  serratus  suffers  also 
in  central  disease,  chiefly  in  progressive  muscular  atrophy  and  dys- 
trophy and  infantile  paralysis ;  but  in  these  it  is  always  associated  with 
palsy  of  other  muscles.  Isolated  paralysis  of  these  nerves  is  nine 
times  as  frequent  in  men  as  in  women.  It  occurs  chiefly  in  muscular 
workers,  and  during  the  active  period  of  life,  twenty-five  to  forty. 
The  immediate  causes  sufficiently  explain  this  relation  to  age  and  sex, 
and  they  also  account  for  another  fact — that  it  is  far  more  frequent  on 
the  right  side  than  on  the  left.  It  is  sometimes  bilateral,  but  the  two 
nerves  are  never  damaged  at  the  same  time.  One  man  was  affected  on 
the  right  side  after  carrying  heavy  beams  on  the  shoulder ;  he  then 
carried  them  on  the  left  shoulder,  and  the  left  serratus  became  paralysed. 

Severe  neuralgic  pains  in  the  neck  and  about  the  shoulder  commoiuy 
precede  and  accompany  the  onset  of  the  affection  when  due  to  neuritis. 
The  symptoms  of  the  paralysis  of  the  serratus  have  been  already  de- 
scribed (p.  85) .  It  is  readily  recognised  by  the  recession  of  the  posterior 
edge  of  ^e  scapula  from  the  thorax  when  the  arm  is  put  forwards 
(Fig.  8,  p.  86).  In  severe  cases  the  muscle  is  found  to  have  lost 
f  aradic  irritability,  although  it  may  still  contract  to  the  voltaic  current 

The  course  of  a  severe  case  is  always  tedious.  Months  may  pass 
before  improvement  is  manifested,  and  the  paralysis  is  sometimes  per- 
manent. In  treatment  it  is  desirable  to  maintAJn  the  nutrition  of  the 
muscle,  as  far  as  possible,  by  electrical  stimulation,  and  its  superficial 
situation  renders  this  easy.  If  counter-irritation  is  desirable,' it  should 
be  applied  over  the  position  of  the  scalenus,  since  the  lesion  of  the 
nerve  is  commonly  at  this  place.  The  use  of  the  arm  should  be 
limited.  When  practicable,  the  elbow  should  be  carried  in  a  sling  of 
such  a  length  as  slightly  to  raise  the  shoulder.  All  movements  that 
may  involve  contraction  of  the  scalenus,  i.  e.  all  movements  needing 
elevation  of  the  shoulder,  milst  be  prohibited. 

The  supra^acapular  nerve  arises  from  the  trunk  formed  by  the 
union  of  the  sixth,  fifth,  and  a  branch  of  the  fourth  cervical  nerves, 
but  its  fibres  come  from  the  fifth  and  partly  from  the  fourth.  It  is 
occasionally  damaged,  aJone  or  with  the  circumflex,  in  dislocation 
of  the  humerus,  and  by  falls  on  the  shoulder,  and  by  canying 
heaw  weights.     In  some  cases  the  injury  may  be  to  the  upper  part 
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of  the  plexus  (see  p.  Ill),  which  may  recoTer  except  this  nerve     It 
suffered  with  the  drcumflex,  in  a  case  recorded  bj  Bemak,  from  acute 
limited  inflammation  of  the  plexus,  due  to  exposure  to  cold  after  over- 
use of  the  arms.    Bernhardt  has  seen  it  following  a  fall  upon  the 
hand.      The  result  of  its  disease  is  palsj  of  the  supra-  and  infra- 
spmatua  (p.  87).    The  latter  is  the  more  important,  and  causes  a 
defect  of  the  rotation  outwards  of  the  humerus,  interfering  with  many 
moTaments,  and,  among  others,  with  the  movement  of  the  pen  along  . 
the  line  in  writing.    XTndue  work  is  thrown  on  the  posterior  part  of 
the  deltoid  and  the  teres  minor;  the  deltoid  may  become  hypertrophied, 
and  its  posterior  edge  is  conspicuous  against  the  wasted  inf  ra-spinatus. 
The  scapula  is  rotated,  so  that  the  lower  angle  is  moved  upwards  and 
inwards.    The  paralysis  of  the  supra-spinatus  is  unimportant,  except 
that  the  humerus  is  less  firmly  fixed  and  the  deltoid  more  readily 
fatigued.    It  can,  in  very  slight  degree,  supplement  the  deltoid,  and 
if  paralysed  with  the  deltoid,  the  head  of  the  humerus  falls  more  than 
it  does  when  the  deltoid  is  paralysed  alone.    Some  anesthesia  over 
the  scapula  often  residts  from  disease  of  this  nerve ;  early  in  the  affeo- 
tion  there  is  frequently  severe  pain  in  the  region  of  the  shoulder-girdia 
The  Circumflex  nervep  although  arising  from  the  posterior  cord  of 
the  plexus,  seems  to  derive  its  fibres  from  the  same  source  as  the 
Bupra-scapul&r,  the  fourth  and  fifth  cervical  nerves.    It  supplies  the 
deltoid  and  teres  minor,  and  the  skin  over  the  deltoid.    The  course 
of  the  nerve  renders  it  very  liable  to  injury  from  dislocations  and  falls 
on  the  shoulder,  and  from  the  pressure  of  a  crutch.    Simple  neuritis 
and  so-called  "  rheumatic  palsy  "   are  rare,  but  the  nerve  has  been 
affected  in  some  acute  diseases,  possibly  from  pressure,  and  in  rheumatic 
fever,  perhaps  by  inflammation  extending  from  the  joint;  typhoid 
and  diabetes  may  also  give  rise  to  circumflex  paralysis.    It  suffers, 
with  other  nerves,  from  disease  of   the  upper  part  of  the  brachial 
plexus,  and  the  chief  symptom  is  paralysis  of  the  deltoid  (p.  86), 
which  abolishes  almost  all  power  of  raising  the  arm,  a  very  trifling 
degree  of  abduction  by  the  supra-spinatus  alone  remaining.    The 
slight  nerve-supply  that  the  fore-part  of  the  deltoid  receives  from  one 
of  the  anterior  thoracic  nerves  is  insufScient  to  mitigate  the  effect  of 
the  paralysis  of  the  drcumflex,  although  it  may  maintain  slight  power 
of  voluntary  contraction  in  the  author  fibres,  and  this  sometimes 
gives  rise  to  an  erroneous  impression  that  the  paralysis  of  the  circum- 
flex nerve  is  incomplete.    The  effect  of  the  conjoined  palsy  of  the 
teres  minor  is  unimportant.    The  wasting  of  the  deltoid  causes  a 
change  in  the  shape  of  the  shoulder  (Figs.  7  and  9).    Sensation  may 
be  lost  in  the  skin  over  the  lower  part  of  the  muscle,  and  the  loss 
sometimes  extends  on  to  the  shoidder  (Fig.  52) ;  Hitzig  pointed  out 
many  years  ago  that  the  aneesthetic  area  is  often  the  seat  of  vaso-  motor 
paralysis.    In  some  cases  there  is  no  ansesthesia,  even  when  the  muscle 
is  wholly  paralysed;  we  have  seen  that  this  is  often  the  case  in  nerve 
Issions  (p.  78).    Adhesions  are  apt  to  form  in  the  shoulder-joint»  in 
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part  probably  the  result  of  trophic  changes,  since  the  circumflex  supplie* 
the  articulation  as  well  as  the  chief  muscle  that  moves  it. 

\      .  The  diagnosis  of  the  paralysis  of  the  circum- 

J  flex  nerve  is  easy.     The  only  condition  readily 

\      mistaken  for  it  is  anchylosis  of  the  shoulder^ 
"''■        joint  in  a  stout  individual*  in  whom  tdie  state 
!  of  nutrition  of  the  muscle  is  not  readily  per- 

\  ceived.     The  risk  of  error  is  increased  by  the 

\         fact  that  arthritis  and  paralysis  may  result 
'\       from  the  same  cause— a  fall  on  the  shoulder. 
I      Passive  movement  at  once  solves  the  problem. 
'.      The  scapula  moves  with  the  arm  in  anchylosis, 
and  not  in  palsy.     Furthermore,  attempts  at 
\     *  voluntaiy  contraction  leave  the  muscle  flaccid, 

|,  j     while  if  the  affection  is  in  the  joint  the  musde- 

y^^.  .  i     fibres  be  ome  rigid  in  the  attempt  to  contract. 

Yia,  52.— Disease  of  the  The  importance  of  examining  the  joint  is  very 
circumflex  nerve  from  great  in  all  cases  of  interference  with  move- 
LT'nuT"''.*?/!,""^  ment   of    the  shoulder.     A  patient  had  an 

acute  illnesM ;  wasting  of  ,  * 

deltoid.  Thedoitetiline  epileptic  fit  which  was  supposed  to  have  left 
indicMtea  the  ar«»a  of  cu-  brachial  monoplegia,  merely  because  he  fell  on 
taneous  anaiMthesia.  xi.        u      i  j  j   xi_  j.     *  x"i_ 

the  shoulder,  and  the  movement  of  the  arm 

was  lessened  first  by  pain,  and  then  by  arthritic  adhesions.  In  dia- 
gnosing the  lesion  from  those  of  other  nerves,  the  electrical  reactions 
and  the  area  of  ansesthesia  may  be  important. 

The  Mtisculo'Cutaneous  nerve  supplies  the  chief  flexors  of  the  elbow 
and  the  skin  over  the  radial  side  of  the  forearm.  It  ia  scarcely  ever 
paralysed  alone,  but  often  suffers,  with  other  nerves,  in  disease  of  the 
brachial  plexus.  In  the  few  recorded  cases  the  cause  has  been 
traumatic,*  but  in  Eemak's  case  of  laralysis  of  the  supra-scapular 
and  circumflex  nerves  on  the  right  side,  from  limited  neuritis  of  the 
plexus,  there  was  complete  palsy  of  this  nerve  on  the  left,  thought  to 
be  due  to  a  still  more  limited  inflammation  in  the  left  brachial  plexus.f 
The  symptoms  correspond  to  its  function ;  there  is  paralysis  of  the 
biceps  and  brachialis  anticus  (see  pp.  38,  89),  the  effect  of  which  is 
especially  conspicuous  when  the  arm  is  supinated  and  the  supinator 
longus  cannot  flex  the  elbow.  There  may  also  be  aneesthesia  of  the  radial 
side  of  the  forearm. 

The  Musculo'Spiral  nerve  is  more  frequently  paralysed  alone  than 
any  other  nerve  of  the  arm.  Arising  from  the  posterior  cord  of 
the  brachial  plexus,  it  seems  to  derive  its  motor  fibres  from  all  the 
nerve-roots  that  enter  the  plexus  except  the  first  dorsal.  It  suppHes 
the  triceps,  all  the  muscles  on  the  back  of  the  forearm,  the  extensors 
of  the  wrist  and  fingers,  both  the  supinators,  also  the  skin  on  the 
radial  side  of  the  back  of  the  hand,  the  back  of  the  thumb,  index 

•  Se«  Bernhardt.  *  Krkrunlc.  peripher.  Nerven.,*  1897*  p.  829. 
t  •  Neur.  Centralbl.,'  1896,  p.  678. 
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finger,  and  half  the  middle  finger.  It  is  thus  the  extensor  nerre  of 
tile  arm,  and  has  a  more  complete  relation  to  a  single  function  than 
is  common  among  the  nerves  of  the  limbs ;  a  fact  that  has  given  rise 
to  diagnostic  error,  since  a  pabj  limited  to  a  single  fimction  suggests 
a  central  cause.  The  frequency  with  which  this  nerve  suffers  is  due 
to  its  course.  As  it  leaves  the  brachial  plexus  to  wind  round  the  bone, 
its  positio^i  exposes  it  to  injury  in  dislocation  or  from  the  pressure  of 
a  cratch  :  the  most  common  form  of  "  crutch  palsy  *'  is  paralysis  of 
this  nan  a.  Ljring  as  it  does  close  to  the  humerus,  it  is  readily  torn 
in  fracture,  or  compressed  by  callus,  and  it  suffers  gravely  from  even 
temporary  pressure  against  the  hard  bone.  Such  pressure  is  often 
exerted  during  sleep,  especially  that  induced  by  alcohol.  The  nerve 
may  be  paralysed  by  the  pressure  to  which  it  is  exposed  when  the 
body,  with  the  arm  beneaUi  it,  rests  on  the  ground  or  on  a  hard 
bed.  Thus  a  man  slept  all  night  on  a  bench,  lying  on  his  right 
side  with  his  arm  beneath  him,  and  woke  in  the  morning  with  this' 
nerve  paralysed.  Curiously,  a  precisely  similar  event  had  occurred 
to  him  three  years  before.  In  other  cases  the  pressure  on  the  nerve 
is  that  of  a  hard  and  sharp  object  over  which  the  arm  is  placed 
during  sleep,  as  the  edge  ot  a  chair  or  the  side  of  a  couch.  The 
Crontinental  custom  of  tying  together,  behind  the  body,  the  arms 
of  a  prisoner,  often  causes  paralysis  of  this  nerve,  sometimes  on  both 
sides.  In  Eussia  it  is  not  uncommon  in  infants,  from  the  popular 
practice  of  binding  the  arms  to  the  body  and  then  laying  the  child  to 
sleep  on  its  side.  I  have  three  times  met  with  paralysis  from  a  violent 
contraction  of  the  triceps,  once  diuing  the  act  of  pulling  on  a  tight 
pair  of  boots,  once  from  throwing  a  stope  with  energy,  and  once  from 
grasping  a  lamp-post  to  avoid  a  fall  during  a  severe  attack  of  giddi- 
ness. In  each  the  nerve  was  at  once  completely  paralysed ;  and  in  the 
second,  in  which  the  paby  was  severe,  a  bruised  appearance  was  ob- 
served orer  the  lower  part  of  the  triceps.  Neuritis  due  to  cold  is  often 
assumed  to  be  a  cause,  and  is  possibly  sometimes  effective,  but  the 
exposiire  has  usually  been  during  alcoholic  sleep,  and  it  is  probable  that 
the  paralysis  is  due  to  compression  rather  than  to  cold.  The  same 
influence  may  also  have  been  operative  in  cases  in  which  the  nerve  has 
been  paralysed  during  an  acute  disease.  Although  in  a  case  of  para- 
lysis during  typhus,  described  by  Bernhardt,  neuritis  was  found  after 
death,  this  was  at  the  spot  at  which  pressure  is  usually  effective,  and 
the  inflammation  was  probably  thus  excited.  Pressure  always  sets 
up  neuritis,  and  the  diagnosis  of  a  primary  neuritis  is  never  justified 
if  the  spot  affected  is  one  liable  to  compression.  Paralysis  of  this 
nerve,  with  others,  has  followed  the  use  of  an  Esmarch's  bandage ;  and 
a  partial  palsy  sometimes  results  from  the  habitual  or  even  occasional 
injection  of  ether  beneath  the  skin  of  the  posterior  part  of  the  arm. 

The  symptoms  of  disease  of  the  musculo-spiral  nerve  are  paralysis 
of  the  extensors  of  the  elbow  and  of  the  wrist,  the  long  extensors  of  the 
fingers  and  thumb,  and  the  supinators  (see  pp.  87—40).    All  these  are 


106 


SPINAL  KEBABS. 


paralysed  bj  a  complete  lesion  of  the  nenre  near  the  brachial  plexus. 
When  the  lesion  is  near  the  middle  of  the  humerus,  as  it  is  in  moat 
cases  of  compression,  the  triceps  generally  escapes,  but  not  always. 
The  supinator  longus  is  usually  paralysed,  but  escapes  if  the  lesion 
is  below  the  origin  of  its  branch,  and  may  also  escape  if  the  injury  to 
the  nerre  is  incomplete.  In  sleep  palsy  it  usujvUy  suffers,  but  I  ha^e 
seen  it  unaffected,  in  a  case  in  which  the  ext.  carpi  radialis  was  also 
but  little  affected,  and  Bernhardt  has  noted  the  escape  of  the  supinator 
in  an  otherwise  complete  paralysis  from  dislocation  of  the  humerus. 
The  extensor  palsy  causes  characteristic  wrist-drop,  and  loss  of  the 
power  of  extending  the  first  phalanges  of  the  fingers  and  the  thumb 
(see  p.  40).  There  is  sometimes  a  gradation  of  palsy  from  the  first 
finger,  in  which  it  is  least,  to  the  fourth,  in  which  it  is  greatest  (Fig. 
53).    The  same  gradation  is  seen  in  lead  palsy,  and  other  forms  of 


FX9.  68. — PHrmlyila  of  the  maaeolo-cpiral  nenre  i  maximvin  extendon  of 
wrist  and  ftngen.  The  extension  of  the  fingers  progressiTely  diminisbee 
from  the  first  to  the  fourth,     (from  m  photograph.) 

peripheral  neuritis.  It  is  not  easy  to  explain.  The  action  of  the 
flexors  is  feeble,  from  the  loss  of  antergic  support ;  in  most  cases  of 
complete  palsy  I  have  found  the  power  of  flexion  reduced  from  thia 
cause  to  one  third  of  the  normaL    The  loss  of  the  power  of  supination 

is  a  grave  inoonvenienee. 

If   an   object  is  grasped 

firmly  the   arm   becomes 

pronated.       The    patient 

tries    to    compensate    for 

the  loss    by  putting  the 

elbow    against     the    side 

and  rotating  the  humerus. 

FlO.  64.— Prominence  at  back  of  band  from  pm-  The    pronators    may    tllti- 

lysis  of  the  extensors.    The  patient  was  suffering  xa&talj  become  shortened. 

from  wrist-drop  due  to  silver  poisoning  (see  vol.  -_        "^  „      .  ^r     ai^ 

ii,"Argyria").  The    over-flenon    of    the 

carpus,  and  its  deflcient 
support  by  the  extensor  tendons,  lead  to  a  prominence  of  83movial 
sacs,  and  perhaps  of  the  bones,  at  the  back  of  the  carpus  (Fig.  54). 
In  severe  cases  the  muscles  waste,  and  the  maximum  circumference  of 
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Uie  limb  below  the  elbow  may  be  a  quarter  or  half  an  inch  less  than 
on  the  other  side ;  at  the  same  time  there  may  be  thickening  of  the 
tendon-sheaths  at  the  back  of  the  hand.  The  electrical  reaction 
depends  on  the  sereritj  of  the  lesion  of  the  nerre ;  commonly  there 
is  wdl-marked  degeneratiye  reaction.  The  affection  of  sensibility  in 
the  area  supplied  by  the  nerve  is  yery  variable.  The  skin  of  the 
upper  arm  rarely  loses  feeling ;  in  the  hand  sensation  may  be  normal 
although  the  muscular  paralysis  is  complete.  There  may  be  sub- 
jectiye  "tingling"  in  the  part  although  there  is  no  loss  of  sensibility. 
The  elbow-  and  wrist-jerks  m&j  be  lost  even  when  the  reaction  of 
degeneration  is  not  present. 

The  diagnosis  is  easy  in  most  cases.  The  affection  is  distinguished 
from  lead  palsy  by  its  common  limitation  to  one  arm,  by  the  affec- 
tion of  the  supinator,  and  often  by  the  sudden  (mset;  that  from  lead 
is  gradual.  The  latter  is  further  characterised  by  the  early  onset  of 
the  degeneratiye  reaction  in  the  affected  muscles.  These  characters, 
and  the  commonly  obtrusive  cause,  always  su£&ce  for  the  diagnosis. 
It  must  be  remembered,  however,  that  this  nerve  is  one  most  fre- 
quently affected  in  many  other  forms  of  multiple  neuritis  ( j.  «•)• 
The  prognosis  in  disease  of  the  musculo-spiral  nerve  depends  on  the 
severity  of  the  lesion,  as  indicated  by  the  electrical  reaction.  When 
there  is  evidence  of  nerve  degeneration  the  paralysis  usually  lasts  for 
some  months.  Becovery  ultimately  occurs  in  almost  all  cases.  The 
treatment  is  that  for  neuritis,  already  described,  but  attention  should 
be  paid  to  the  posture  of  the  limb,  so  as  to  avoid  tension  on  the 
affected  part  of  ^e  nerve.  For  this  reason,  and  also  because  strong 
eontraction  of  the  triceps  may  further  injure  the  nerve,  extension  of 
the  elbow  should  be  avoided  in  cases  of  lesion  of  the  nerve  as  it  winds 
round  the  humerus. 

The  Median  nerve  supplies  the  pronators,  the  radial  flexor  of  the 
wrist,  the  palmaris  longus,  the  flexors  of  the  fingers  (except  the  ulnar 
half  of  the  deep  flexor),  the  muscles  that  abduct  and  flex  the  thumbs 
and  the  two  radial  lumbricales.  Its  motor  fibres  seem  to  have  an  exten- 
sive origin  from  all  the  cervical  roots  that  enter  the  brachial  plexus.  It 
subserves  sensation  on  the  radial  side  of  the  palm,  on  the  front  of  the 
thumb,  of  the  first  two  fingers,  and  of  half  the  third  finger,  and  also,  ai 
least  in  many  persons,  on  the  back  of  the  last  phalanx  of  the  index  and 
middle  finger ;  sometimes  also  on  the  adjacent  part  of  the  back  of  the 
ring  finger  and  the  back  of  the  last  phalanx  of  the  thumb.  Isolated 
palsy  of  this  nerve  is  not  frequent,  and  generally  results  from  woimds 
of  the  forearm,  or  fractures  of  the  forearm  bones,  rarely  from  injuries 
in  the  upper  arm.  The  nerve  is  occasionally  the  seat  of  neuritis, 
which  may  be  induced  by  compression,  especially  in  those  who,  in 
their  work,  have  to  hold  an  object  between  the  hand  and  upper  arm. 
Occupation  paralyses  of  this  nerve  have  been  observed  in  ironers, 
locksmiths,  joiners,  cigarette  makers,  and  once  in  a  dentist.  The 
nerve  may  also  suffer  as  the  result  of  pressure  of  the  head  of  the 
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humerus  in  sleep  or  naroosis^  while  in  former  dajs  it  wfts  not  infre- 
quently injured  b/  unskilful  yeneseotors.  I  hare  known  it  to  be 
paraJjsed  at  the  wrist  a  few  hours  after  a  seTere  spndn  of  this 
joint.  Webber  has  recorded  a  case  in  which  it  seemed  to  be  injured 
bj  a  violent  contraction  of  the  pronator  teres.  When  there  is  com- 
plete damage  to  the  nerve,  pronation  is  impossible  beyond  the  mid- 
position,  to  which  the  supinator  longus  can  bring  the  foreann,  and 
an  attempt  is  made  to  supplement  this  by  rotating  the  humerus 
inwards,  and  separating  the  elbow  from  the  side.  The  wrist  can  only 
be  flexed  with  a  strong  indination  towards  the  ulnar  side.  The 
thumb  is  in  persistent  extension  and  adduction  (like  the  thumb  of  the 
ape.  Figs.  22  and  28,  p.  44),  and  cannot  be  opposed  to  the  tips  of  the 
fingers.  The  power  of  flexing  the  second  phaknges  on  the  first  is  lost, 
and  also  that  of  flexing  the  distal  phahuix  of  the  first  and  second 
fingers,  but  this  phalanx  can  still  be  flexed  in  the  third  and  f  ourtk 
fingers  by  the  ulnar  half  of  the  flexor  profundus  (see  p.  41).  Inter- 
osseal  flexion  of  the  first  phalanx  is  still  possible,  and  the  unopposed 
extensor  action  of  the  interossei  on  the  middle  and  distal  phalanges 
tends  to  cause  a  subluxation  of  the  articulations  concerned.  The 
wasting  of  the  thenar  muscles  is  usually  conspicuous.  The  resulting 
condition  is  very  characteristic ;  but  if  the  damage  is  at  the  wrist,  flexion 
of  the  wrist  and  distal  phalanges  remains.  The  sensory  loss  is  variable; 
it  may  be  absolute  or  absent.  If  there  is  ansesthesia  it  is  greater  on 
the  palmar  surface,  and  will  often  be  found  also  on  the  dorsal  aspect 
of  the  extremities  of  the  first  two  fingers.  Trophic  changes  of  the 
skin  and  nails  are  not  uncommon. 

The  Ulnar  nerve  comes,  through  the  inner  cord  of  the  plexus,  from 
the  last  cervical  and  first  dorsal  roots,  and  its  ori^n  from  the  lowest 
part  of  the  cervical  enlargement  gives  it  an  impoi-tant  relation,  since  it 
is  the  first  of  aH  the  brachial  nerves  to  be  afiEected  by  disease  that 
ascends  from  the  dorsal  to  the  cervical  region  of  the  spinal  cord.  The 
nerve  supplies  the  ulnar  flexor  of  the  wrist,  the  ulnar  half  of  the  deep 
flexor  of  the  fingers,  the  muscles  of  the  little  finger,  the  interossei, 
some  of  the  lumbriciiles,  the  adductor,  and  inner  head  of  the  short  flexor 
of  the  thumb.  Its  sensory  area  is  the  ulnar  side  of  the  hand,  back 
and  front,  generally  more  extensive  on  the  back  (two  fingers  and  a 
half)  than  on  the  front  (one  finger  and  a  half).  The  course  of  the 
nerve,  superficial  behind  the  elbow  and  at  the  wrist,  renders  it  liable 
to  separate  injury.  It  is  often  implicated  in  wounds  of  the  forearm, 
and  about  the  elbow* joint,  by  dislocations  of  the  shoulder  and  elbow, 
enlargement  of  the  elbow  bones,  and  by  fractures  of  the  bones  of  the 
forearm.  It  is  occasionally  the  seat  of  neuritis,  and,  like  the  musctdo- 
spiral  nerve,  it  is  sometimes  paralysed  by  pressure.  At  the  elbow  the 
projecting  bones  preserve  the  nerve  from  direct  pressure ;  although 
Ihichenne  describes  paralysis  in  men  who,  while  at  work,  rest  the  bent 
elbow  on  a  hard  substance,  this  mechanism  is  certainly  rare.  It  is  much 
more  common  for  the  nerve  to  suffer  in  long-continued  flexion  of  the 
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dbow,  withaat  external  pressure;  and  from  this  cause  the  nerve  is 
sometimes  paralysed  during  sleep.*  I  liave  three  times  seen  a  sleep 
palaj  of  the  ulnar  nerve.  The  tension  may  set  up  neuritis,  and  is 
especially  effective  if  the  resistance  of  the  tissues  to  morbid  influences 
is  lessened  by  general  ill-health.  Many  persons  must  have  noticed 
that  if,  when  out  of  health,  they  sleep  with  the  elbow  bent,  they  wake 
with  tingling,  and  even  loss  of  feeling,  in  the  region  supplied  by  the 
ulnar  nerve,  although  this  may  not  happen  when  they  are  in  good 
health.  If  the  ill-health  is  profound,  as  in  an  acute  illness,  local 
neuritis  of  considerable  intensity  may  be  set  up.  Thus  a  lady,  a  few 
days  after  childbirth,  who  was  prostrated  by  a  long,  exhausting  labour, 
noticed  tingling  in  the  side  of  the  hand,  and  whenever  she  bent  her 
elbow,  a  sensation  "  as  if  she  had  knocked  her  funny-bone."  Paralysis 
of  the  muscles  supplied  by  the  ulnar  nerve  followed  in  a  few  hours, 
and  in  a  fortnight  there  was  distinct  wasting.  When  I  saw  her,  six 
months  later,  the  ulnar  nerve  behind  the  elbow  was  distinctly  thickened. 
She  had  had  a  similar  but  more  transient  attack  after  a  previous  con- 
finement. A  similar  palsy  has  occurred  during  the  course  of  typhoid 
fever,  and  both  nerves  have  been  known  to  suffer  (Bernhardt).  In 
such  oonditionB  not  only  is  the  tissue  health  lowered,  but  warning 
sensations  are  often  unperceived.  Actual  cysts  of  the  nerve  have  been 
described  by  Bowlby  and  zum  Busch. 

The  importance  of  the  interosseal  flexion  of  the  fingers  for  many 
actions,  such  as  writing,  renders  palsy  of  the  ulnar  nerve  peculiarly  dis- 
abling. Several  illustrations  of  the  symptoms  have  already  been  given 
(pp.  42  and  48).  In  flexion  of  the  wrist  the  hand  deviates  towards  the 
radial  side,  and  persistent  distortion  may  take  place.  Adduction  of 
the  thumb  is  lost,  and  so  are  most  movements  of  the  little  finger.  The 
fingers  cannot  be  flexed  at  the  first  or  extended  at  the  other  joints, 
but  the  loss  is  slighter  in  the  first  two  fingers  than  in  the  others,  because 
their  lumbrieales  are  supplied  by  the  median  nerve.  In  time  the 
opponents  of  the  interossei,  by  their  contracture,  lead  to  over-exten- 
sion of  the  first  phalanges  and  fiexion  of  the  others ;  the  "  claw-like 
hand  **  is  produced  (see  p.  43),  but  this  is  less  complete  than  in  cases 
of  progressive  muscular  atrophy,  on  account  of  the  escape  of  the  first 
two  lumbrieales.  When  the  palsy  is  imperfect  it  may  be  possible  to 
extend  the  second  and  third  phalanges,  if  the  first  can  be  over-extended 
and  an  advantage  thus  given  to  the  interossei  by  the  lengthening  of 
the  ODorae  of  their  tendons,  just  as  in  partial  paralysis  of  the  long 
extensom  they  may  be  able  to  ext^d  the  digits  if  the  wrist  is  fiexed, 
but  not  if  it  is  extended.  In  lasting  damage  the  hypothenar  eminence 
may  disappear,  the  palm  is  hollow,  the  thenar  muscles  that  remain 

^  H.  Bnan  ('  Deutich.  med.  Woch.,'  1804)  believes  that  in  fleep  the  nerve  is 
eoin|m'seed,  not  at  the  elbow  but  at  the  shoalder,  particnlarly  when  the  arm  in 
abducted  and  carried  bMckwardip  ao  that  the  hands  are  crossed  behind  the  head.  A 
similar  effect  uiay  result  froui  Um  arm  being  held  in  thia  position  in  an  operation, 
«./ .  the  rvntoval  of  a  breast. 
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stand  out,  and  the  opponens  maj  cause  a  slight  torwaxi  rotation  of 
the  thumb. 

The  loss  of  sensation,  as  in  the  case  of  the  other  nerves,  varies  nmoh« 
both  according  to,  and  irrespective  of,  the  degree  of  lesion  of  the 
nerve.  Subjective  sensations  are  common,  with  and  without  anset- 
thesia,  and  those  who  have  had  neuritis  are  sometimes  unable  to  bend 
the  elbow  for  a  few  minutes  without  a  sensation  of  tingling  in  the 
area  supplied.* 

The  diagnosis  of  disease  of  the  ulnar  nerve  is  easj.  A  difficulty  is 
occasionally  caused  bj  the  circumstance  already  mentioned,  that  dis- 
ease at  the  lowest  part  of  the  cervical  enlargement  m&j  cause  sym- 
ptoms limited  to  the  region  of  this  nerve,  but  a  knowledge  of  the  fact 
is  usually  sufficient  to  prevent  an  error.f 

Combined  Paxsibs  ov  ths  Nxbves  of  ths  Abk.— Paralysis  in  the 
region  of  two  or  more  of  the  nerves  of  the  arm  is  very  common,  and 
results  from  many  causes.  It  may  be  due  to  disease  of  the  spinal 
cord  or  of  the  nerve-roots  within  the  spinal  canal,  but  with  these  we 
are  not  now  concerned.  .The  most  frequent  causes  outside  the  spinal 
canal  are  the  following:— (1)  Morbid  processes  in  the  neck,  afEecting 
the  nerve-roots  outside  the  spine  or  the  upper  part  of  the  brachial 
plexus,  especially  growths  and  exostoses.  (2)  Diseases  of  the  plexus 
itself,  neuritis  or  injury,  dislocations  of  the  shoulder,  the  stretching  by 
a  sudden  wrench  of  the  arm,{  or  actual  rupture  of  the  nerves  entering 
the  plexus  by  great  local  violence.§  (8)  Fractures  of  the  bones.  (4) 
Neuritis,  which  may  ascend  a  nerve  of  ike  arm  to  the  part  of  the  plexus 
whence  it  comes,  and  there  spread ;  or  neuritis  of  the  plexus  may  be 
primary  and  of  various  extent,  ''neuritis  migrans.^  . 

The  last,  ascending  neuritis,  occurs  when  an  injury  of  a  single  nerve  is 
followed  by  an  extension  of  the  motor  and  sensory  symptoms  to  the 
regions  supplied  by  other  nerves.  This  can  only  be  explained  by 
an  ascending  neuritis  reaching  the  junction  of  the  nerves  at  the 
brachial  plexus,  and  there  spreading,  often  in  what  seems  a  random 
manner.  Thus  a  lady  cut  her  wrist  so  as  to  leave  a  scar  an  inch  long, 
over  the  position  and  in  the  direction  of  the  median  nerve.  The 
injury  caused  paralysis  and  wasting  of  all  the  musdea  in  the  hand 


*  Anocsthetia  of  the  re^^ion  supplied  by  the  ulnar  and  external  popliteal  i 
a  not  infrequent  symptoin  of  general  paralysis  of  the  Insane  and  tabes.  la  the 
ulnar  it  was  first  described  by  Biernacki, '  Nenrol.  OentralbU*  1894^  in  the  external 
popliteal  by  Sarb6.    See  Sarbd  and  v.  Deky,  <  Pest  Med.-Chlr.  Presse,'  1897. 

t  Poncet  ('Comptes  R«'ndut,'  1888)  describes  a  manual  paralysis  in  glass-blowers 
(honked-hand,  main  en  crochet)  which  closely  simulates  ulnar  palsy,  from  which  U 
is  to  be  distinguished  by  the  freedom  of  the  thumb  and  the  absence  of  anroslhosla, 

X  Bowlby,  loc.  cit.,  p.  225. 

§  Kieiler  ('Munch,  raed.  Wochenscbr.,'  1898)  describes  a  paralysis  aflfoetfng 
mainly  the  circumflex  and  musculo-spiral  nerves  of  the  left  arm,  and  ocenniii^ 
ebpecially  in  bricklayers  from  the  pressure  of  the  hod  npon  the  shoolder. 
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supplied  hj  thu  nerre.  This  palsy  was  followed  bj  a  gradual  loss  of 
power,  witli  diminislied  taradic  irritability,  in  the  long  extensor  of  the 
fingers,  the  ulnar  flexor  of  the  wrist,  and  also  bj  defect  of  sensation 
in  the  sirin  supplied  by  the  nlnar  nerve.  Hence  the  neuritis  must 
hftTB  ascended  to  the  plems  and  there  hare  spread  along  each  root  of 
the  median  nerre.  Again,  a  woman  cat  her  right  hand  with  a  broken 
stone  botde,  along  the  hypothenar  eminence.  Three  weeks  after- 
wards the  muscles  of  the  hand  supplied  bj  the  ulnar  nerve  gradually 
became  paralysed,  with  wasting  and  loss  of  irritability,  and  in  the 
area  of  the  sUn  supplied  by  the  nerve  there  was  first  tingling  and  then 
diminished  sensibiliiy.  Burning  pain  spread  up  the  front  of  the 
f oreamiy  and  inner  side  of  the  upper  arm  to  the  axilla ;  all  the  f  ore- 
ann  muscles  lost  power,  the  flexor  carpi  ulnaris,  and  the  flexor  sublimis 
digitorum  in  greatest  degree;  the  tingling  and  lessened  sensibility 
spread  to  the  fingers  supplied  by  the  median  nerve,  and  the  abductor 
pollicis  wasted.  In  this  case  also  there  must  have  been  an  ascending 
neuritis  of  the  ulnar,  spreading  to  the  median  at  the  brachial  plexus. 
The  extension  is  sometimes  only  in  the  neighbourhood  of  the  cause.  A 
whitlow  on  the  thumb  was  followed  by  extreme  wasting,  with  reaetion 
of  degeneration  in  all  the  thenar  muscles  supplied  by  the  median. 
Bnt  a  case  is  on  record  in  which  a  nodular  inflammation  commencing 
in  the  ulnar  nerves  apparently  spread  up  to  the  sympathetic.* 

The  brachial  plexus  is  occasionally  the  seat  of  a  primary  neuritis. 
This  is  described  in  a  separate  section  (p.  119),  as  it  is  a  defined  and 
important  disease. 

In  dislocation  of  the  shoulder  the  displaced  head  of  the  humerus  may 
damage  the  nerves.  In  subcoracoid  dislocation  they  are  necessarily 
compressed.  The  extent  of  injury  varies  greatly ;  only  one  nerve  may 
Matter,  or  not  one  may  escape.  Every  muscle  of  the  arm  may  be  para- 
lysed, from  the  deltoid  downwards.  In  most  cases  the  injury  is 
•evere  in  degree;  there  is  rapid  wasting  of  the  muscles,  with  the 
reaction  of  degeneration,  and  there  is  a  great  tendency  to  the  occur- 
rence of  trophic  changes  in  the  skin.  It  was  in  a  case  of  this  character 
Uiat  the  forearm  and  hand  were  covered  with  blisters  from  the  appli- 
cation of  water  that  seemed  merely  warm  to  a  healthy  hand  (p.  79). 

Fracture  of  the  humerus  may  damage  both  the  musculo-spiraJ  and 
ulnar  nerves,  rarely  the  median.  Fracture  of  the  bones  of  the  forearm 
often  injures  both  the  median  and  ulnar  nerves. 

Injuries  to  the  neck  sometimes  cause  a  partial  paralysis  of  the  arm 
of  peculiar  distribution,  the  special  characters  and  significance  of 
which  were  first  made  known  by  Erb.f  A  smiilar  paralysis  may 
come  on  apart  from  injury.  The  muscles  affected  are  the  deltoid, 
often  the  supra-spinatns  and  infra-spinatus,  the  biceps  and  brachialis 

•  Bemak,  •DeatMb.  KUnik,'  1864,  p.  169. 

t  Heidelberg  Society,  1874^  'Ziemsien't  Handbuch/  1874,  Bd.  xii,  pt.  1,  p.  609; 
MS  al*o  Bembardt^ « S^toeh.  (.  k1.  Med./  1882,  Bd.  It,  p.  416.  A  preTioiu  deserip* 
Hob  by  U'>«  benae  la  1886  bad  escaped  notice. 
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anticus,  and  the  Bupinators.  Erb  found  that  there  ifl  one  spot  between 
the  scaleni,  corresponding  to  the  sixth  ceryical  nerve,  at  which  electrical 
stimulation  puts  aH  these  muscles  in  action.  Hoedemaker,  who  has 
described  two  cases  of  this  palsy,  finds  the  motor  point  in  a  line  drawn 
from  the  sterno-dayicular  articulation  to  the  seventh  cervical  spine. 
1*5  centimetres  from  the  edge  of  the  trapezius.  The  paby  is  appa- 
rently dependent  on  disease  of  the  roots  of  the  fifth  and  sixth  cervical 
nerves,  and  the  fifth,  it  will  be  remembered,  receives  a  twig  from  the 
fourth.*  Budingerf  and  Gnupp^  have  recently  shown  that  in  forcible 
elevation  of  the  arm  some  backward  rotation  of  the  clavicle  occurs. 


Via,  55. 


Fio.  5f?. 


Fzo.  57. 


Fio.  55. — Combined  paUy  of  deltoid,  supfii-tpinatiii^  aod  infra-spinatoi,  ftem  a  hSL 
on  the  ihoulder. 

Figs.  66,  67.~Left  hand  of  a  patient  saffering  from  a  growth  befide  tbe  lower  eenrical 
spine  compreesing  the  nerve-roote.  There  whs  anuMthesia  of  all  parts  supiiiied 
by  the  brachial  and  cervical  plexas.  The  iirxn  was  adducted,  the  elbow  flexed,  tho 
hand  in  the  posture  sliown.  flexion  of  Arst,  extension  of  second,  strong  flexion 
of  last  phalang^es,  the  first  phalanx  of  the  thnmb  over-extended,  the  second  flexed. 
Rigidity  extreme,  and  an  attempt  to  overcome  it  eansod  great  ptiiii.  There 
was  hIso  some  contracture  of  the  foot  (eqaino-vnlgas). 

compressing  the  fif  tli  and  sixth  cervical  nerves  against  the  first  rib. 
The  fact  that  in  this  case  the  nerve-fibres  are  simplj  contused  and  not 
biH^ken  will  no  doubt  account  for  the  frequency  of  recovery  from  this 
form  of  paralysis.  Besides  injuries,  this  group  of  palsies  may  result 
from  non-traumatic  processes,  probably  from  neuritis,  and  also  from 

*  Erb  referred  the  palsy  to  disease  of  the  sixth  nerve.  The  experiments  of 
Ferrier  and  Yeo  point  to  the  flftb  and  fourth  roots  as  those  innervating  these 
mnKcles,  but  his  subsequent  correction  indicates  the  fifth  and  sixth  (see  p.  99,  foot- 
nule). 

t  •  Arch,  f .  klin.  Chir.,'  1894.  J  •  Centralblatt  f.  Chir^^  1894. 
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growths  in  this  ritoatioiL  Duchenne,  SeeligmuUer,  and  others  hare 
also  described  paralTsis  of  aixnilar  distribution  produced  in  infants 
during  birih»  either  by  pressure  from  the  position  of  the  arm,  or  by 
traetdon  cm  the  neck  with  the  fin^r  or  hook  during  turning.  Dis- 
location of  the  shoulder  during  deliTerj  may  cause  yery  extensiye 
damage  to  the  plexus.  Permanent  paralysis  of  each  arm  was  the 
result  of  faQateral  dislocation  caused  by  a  midwife  dragging  a  shild 
out  by  the  two  arms.*  Most  obstetricdi  cases  slowly  recover.  Those 
due  to  injjuiy  in  adult  life  are  often  severe ;  the  symptoms  continue 
for  a  long  time,  and  may  be  permanent. 

A  paralysis  complementary  to  that  of  Erb^  in  which  the  muscles 
escape  which  suffer  in  that  form,  results  from  disease  of  the  nerre- 
roots  below.f  It  is  often  associated  with  ocular  symptoms,  such  as 
narrowing  of  the  pupil  and  palpebral  fissure. 

Morbid  processes  connected  with  the  bones  of  the  cervical  spine 
sometimes  produce  combined  syn^ptoms  of  irritation  and  palsy  of 
the  nerves  of  the  arm,  pain,  hypersesthesia,  anaesthesia,  paralysis  of 
musdeSt  and  extreme  muscular  contractures,  often  very  irregular  in 
distribution  (such  as  are  shown  in  Figs.  56, 57).  I  have  several  times 
known  sensory  symptoms  in  the  arm  to  be  due  to  a  chronic  syphilitio 
cellulitis  beside  the  vertebrsd,  causing  deep-seated  induration  and 
severe  compression  of  the  nerves;  in  each  case  it  was  completely 
remoTed  by  antisyphilitic  treatment.  Growths  at  the  part  may  also 
compress  ihe  subdavian  arteiy,  and  the  weaker  pulse  may  aid  the 
diagnosis.^ 

BzAOVOsis. — The  diagnosis  of  diseases  of  the  nerves  of  the  arm  has 
been  for  the  most  part  sufficiently  considered  in  connection  with  the 
special  nerves.  It  consists  chiefly  in  an  application  of  the  facts  there 
stated.  One  or  two  more  general  considerations  deserve,  however, 
a  brief  mention.  Some  diaoasos  of  the  spinal  cord  are  first  manifested 
in  the  ana,  by  muscular  palsy,  wasting,  or  by  amestheaia.  The  riak 
of  error  is  prevented,  in  most  cases,  by  the  absence  of  any  corre- 
spondence between  these  symptoms  and  the  fimctions  of  special 
nerves,  by  the  absence  of  any  indication  of  morbid  processes  in  the 
neighbourhood  of  the  nerves,  and  by  the  presence  of  other  signs  of 
dismiBfi  of  the  apinal  cord.  It  has  been  mentioned  that  disease  in  the 
lowest  part  of  the  cervical  enlargement  may  be  manifested  only  in  the 
region  of  the  ulnar  nerve,  the  lowest  in  origin  of  all  the  brachial 
nerves.  Such  disease  is,  however,  usually  bilateral,  and  secondary  to 
disease  in  the  dorsal  region  of  the  cord,  the  indications  of  which  have 

^  Danehei, '  Ann.  da  Gyn./  &o.,  Oct,  1891.  Doable  palsy  in  adalts  u  occasiooally 
wto,  u  in  a  rate  neordad  by  Bernhardt,  in  which  the  arms  were  pulled  on  for  an 
boar  to  steady  the  pstient  daring  the  operation  of  oophorectomy. 

t  It  bae  been  termed  **  Klampke's  paralysis,"  beeaaee  investigated  in  Volpian's 
bboratory  by  MdUe.  Klnmpke  in  1886  (see  'Zeitseb.  f.  Nerrenh./  1891}  |  it  had» 
bowever,  been  daaeribed  long  pfevionsly,  notebly  fai  1827  by  Flaabert. 

X  BofHby,  loe.  dt. 
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preceded  the  symptoms  in  the  arm.    A  knowledge  of  these  facts,  an 
a  careful  condideration  of  the  distribution  and  course  of  the  symptoms, 
will  rarely  leave  the  observer  in  doubt. 

Tbbatmbnt. — ^There  is  little  in  the  treatment  of  the  diseases  of  the 
nerves  of  the  arm  that  requires  special  mention.  The  chief  measure 
is  the  treatment  of  the  cause  of  the  paralysis.  Any  present  source  of 
pressure  must  be  removed  as  far  as  possible.  The  ends  of  a  divided 
nerve  must  be  sutured.  It  is  remarkable  how  quickly  this  has  some* 
times  been  followed  by  the  restoration  of  conducting  power.  The 
posture  of  the  arm  must,  in  all  rases,  be  such  as  to  avoid  tension  on 
an  injured  or  inflamed  nerve.  The  treatment  of  neuritis  is  described 
in  the  next  section.  Electrical  stimulation  of  the  muscles  is  of  great 
importance  in  all  cases  of  severe  damage  to  the  nerves.  Even  in 
old  and  stationary  cases  it  sometimes  starts  some  improvement. 

Nbbvxs  of  thb  Loweb  Lixb. 

Disease  of  these  nerves  is  far  less  common  in  the  lower  than  in  the 
upper  limb,  with  one  important  exception, — the  primary  disease  of  the 
sciatic  nerve  that  goes  by  the  name  of  "  sciatica."  This  affection  is 
reserved  for  separate  description. 

The  nerves  of  the  leg  are  derived  from  the  lumbar  and  sacral 
plexuses.  The  lumbar  plexus,  consisting  of  the  first  three  and  a  half 
lumbar  roots,  supplies  the  skin  of  the  lower  part  of  the  abdomen,  of 
the  front  and  sides  of  the  thigh,  of  the  inner  side  of  the  lower  leg 
and  foot.  It  supplies  also  many  muscles — the  cremaster,  those  that 
flex  and  adduct  the  hip-joint,  and  those  that  extend  the  knee.  Its 
branches  for  the  leg  are  the  obturator  and  anterior  crural  nerves. 
The  sacral  plexus  consists  of  the  fifth  lumbar  root  and  half  the  fourth 
(lumbo-sacral  cord)  and  the  first  four  sacral  nerves,  of  which,  however, 
only  the  upper  three  have  to  do  with  the  leg.  This  plexus  innervates 
the  extensors  and  rotators  of  the  hip,  the  flexors  of  the  knee,  and  all 
the  muscles  that  move  the  foot,  together  with  the  skin  of  the  gluteal 
region,  the  back  of  the  thigh,  the  outer  side  and  back  of  the  lower  leg, 
and  most  of  the  foot.  Its  chief  nerves  are  branches  to  the  outward 
rotators  of  the  hip,  the  gluteal  nerve,  and  the  small  and  great  sciatic. 

The  rwnlts  obtained  by  Ferrier  and  Yeo  (see  p.  99)  on  stimulating  the  looti 
4>f  the  Inmbar  and  sacral  plexuses  in  the  monkey  may  be  thus  summarised : 
Lumbar  I  and  II.  Lower  abdominal  muscles  (not  cremaster). 

III.  Psoas  and  iliacus,  sartorius,  extensors  of  knee;  (flexion  of  hip  and 
extension  of  leg). 

IV.  Glutei,  adductora,  extensor  cruris,  peroneus  longus ;  (extension  of 
hip  and  knee,  elevation  of  outer  side  of  foot). 

V.  Glutei,  hamstrings,  and  all  the  muscles  in  front  and  back  of 
lower  leg ;  (rotation  of  thigh  outwards,  flexion  and  rotation  inwards 
of  leg ;  extension  of  foot  with  elevation  of  outer  edge ;  flexion  of 
distal  phalanges  of  toes). 
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iMnl  L  Hamstriiigs,  oalf  mmcles,  longf  flexor  of  tow,  intrinno  mnselet  of 
foot;  (slight  ontward  rotation  of  thigh,  flexion  of  knee,  extension 
of  foot,  adduction  of  great  toe,  flexion  of  first  phalanges  of  all  toea 
and  of  both  phalanges  of  great  toe), 
n.  Intrinsic  mnscles  of  foot;  ('*  interosseal "  flexion  of  toes,  similar  to 
the  last). 
TImm  results  cannot  be  simplj  applied  to  man.    For  instance,  it  is  certain 
that  in  man,  one  flexor  of  the  hip,  the  psoas,  and  the  oremsster,  are  largely 
innenrated  from  the  siecond  Inmbar,  bnt  no  indication  of  the  action  of  either  of 
these  conld  be  observed  on  stimulating  this  root  in  the  monkej. 

The  distribution  of  the  sensory  fibres  of  the  nerve-roots  it  oonddered  in  the 
ehapter  on  the  Spinal  Cord. 

The  Lumbar  plexus  itself  is  sometiinee  damaged  by  growihfl  in  ihe 
abdomen  (especially  by  those  that  springfrom  the  lumbar  glands)  and 
by  psoas  abscess,  while  the  nerve-roots  may  suffer  in  disease  o^  the 
boD/es  of  the  vertebrsB  and  in  meningitis.  The  plexus  may  also  be  in- 
vaded by  inflammation  ascending  the  Inmbo-sacral  cord  from  the  sacnJ 
plexus,  and  it  is  occasionally  the  seat  of  spontaneous  neuritis.  The 
o&iisra/or  nerve  is  rarely  affected  alone;  it  has  been  sometimes  damaged 
in  the  course  of  parturition.  The  anterior  crurcU  nerve  has  sufitezed 
from  the  same  cause,  and  is  sometimes  injured  by  wounds  of  the  groin 
or  thigh,  or  by  dislocation  of  the  hip-joint.  Symptoms  may  be  limited 
to  it  in  disease  of  the  nerve-roots,  and  as  in  injury  or  growths  of  the 
vertebrsB,  its  paralysis  occasionally  follows  acute  or  subacute  inflam« 
mation  of  the  knee-joint. 

Of  the  interference  with  moTement  that  may  result,  the  paral)sis  of 
the  ftezors  of  the  hip  depends  on  the  position  of  the  disease.  This 
paralysis  is  total  only  when  the  lumbar  plexus  is  damaged.  Disease  of 
the  anierior  crural  nerve,  within  the  abdomen,  does  not  affect  the  psoas, 
but  may  paralyse  the  iliacus,  and  so  weaken,  without  abolishing,  the 
power  of  flexion.  The  chief  symptom  of  disease  of  this  nerve  is  the 
loss  of  power  in  the  extensors  of  the  knee,  and  the  wasting  of  these 
muscles,  together  with  loss  of  the  knee-jerk  which  results  from  the 
interruption  of  the  reflex  arc.  The  effect  of  these  palsies  on  movement 
IS  Tery  serious  (see  pp.  46,  47).  Ansesthesia  involves  the  whole  of  the 
thigh  (except  a  strip  along  the  middle  of  the  back),  the  inner  side  of 
the  leg  and  f oot,  and  the  adjacent  side  of  the  first  and  second  toes.  In 
many  cases  the  paralysis  is  incomplete,  and  the  symptoms  present 
corresponding  variation.  Irritation  of  the  nerve  may  cause  severe 
pain  in  the  region  supplied  by  it.  This  is  sometimes  an  early  symptom 
of  a  growth  near  the  spine.  The  pain  in  neuritis  of  the  plexus  may 
extend  along  the  course  of  the  ilio-hypogastric,  ilio-inguinal,  and  genito- 
erural  nerves,  to  the  lower  part  of  the  abdomen  and  groin. 

Impairment  of  sensation  in  an  area  on  the  front  of  the  lower  half  of 
the  thigh  IB  occasionally  met  with  as  an  isolated  symptom,  usually  in 
men  in  the  second  half  of  life.  It  comes  on  without  pain,  and  may  pass 
away  after  months,  or  may  persist  for  years.    The  loss  is  greatest  in  the 
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middle  of  the  region,  but  the  transition  to  normal  aenmbilitj  is  iveD 
defined ;  its  origin  and  nature  are  mysterioiu,  except  that  the  subjecti 
of  it  are  usuallj  gouty.    It  ieems  to  have  little  significance. 

Paralysis  of  the  obturator  nearve  caoses  a  loss  of  the  power  of  adduo- 
tion  of  the  thigh,  so  that  the  patient  cannot  put  one  leg  across  the 
other.  Botation  of  the  thigh  outwards  is  interfered  with,  but  id 
slighter  degree  than  adduction.  The  effect  of  these  palsies  (described 
on  p.  47)  is  far  less  serious  than  is  the  disability  which  results  from 
disease  of  the  anterior  crural.  There  is  disturbance  of  sensation  along 
the  inner  side  of  the  thigh  and  knee ;  an  obturator  hernia  may  press 
upon  the  nerve,  giving  rise  to  paresis  of  the  muscles  which  it  supplies, 
and  burning  pains  in  the  region  of  its  sensory  distribution. 

The  $upetior  gluteal  nerve  occupies  an  intermediate  position  between 
the  two  plexuses,  arising  as  it  does  from  the  lumbo-sacnd  cord,  which 
descends  from  the  fourth  and  fifth  limibar  roots.  Its  disease,  which 
is  very  rare  in  isolated  form,  causes  paralysis  of  the  gluteus  medius 
and  minimus,  with  a  loss  of  abduction  and  circumduction  of  the  thigh 
(see  pp.  45,  46). 

The  Sacral  plexus  is  sometimes  damaged  by  growths  in  the  pelvisi 
by  pelvic  inflammation  of  various  kinds,  and  by  compression  during 
parturition.  In  the  child  it  may  be  damaged  by  traction  on  tha 
legs.  It  is  also  often  the  seat  of  neuritis,  which,  however,  less 
frequently  begins  in  the  plexus  than  ascends  to  it  from  the  sciatic 
nerve.  Apart  from  spontaneous  neuritis,  which  will  be  separately 
desmbed,  the  sciatic  nerve  oiitside  the  pelvis  is  occasionally  injured  by 
woi^nds,  rarely  by  dislocations  of  the  hip,  often  by  disease  of  the  bone, 
and  by  adjacent  morbid  growths.  It  is  also  a  relatively  frequent 
seat  of  neuroma.  Of  the  terminal  branches,  the  external  popliteal,  by 
its  superficial  course,  and  proximity  to  the  hard  bone,  suffers  from" 
traumatic  lesions  of  various  kinds ;  it  is  also  prone  to  spontaneous 
neuritis.  This  nerve  is  homologous  with  the  musculo-spiral  nerve  of 
the  arm,  and  presents  an  analogous  liability  to  disease ;  it  occasionally 
suffers  in  persons  whose  occupations  entail  much  kneeling.  The  pos- 
terior tibial  nerve  is  more  secure  in  its  deeper  course,  but  may  be 
damaged  by  fracture  of  the  bones. 

The  symptoms  of  palsy  of  the  aciaiic  nerve  vajy  much  in  their 
character,  according  to  the  position  of  the  disease.  The  tmaU  $eiatie 
is  implicated  only  when  the  mischief  involves  the  pelvic  plexus,  and  it 
scarcely  ever  suffers  alone.  The  effect  is  palsy  of  the  gluteus  maximus, 
which  interfei^es  with  rising  from  a  seat  more  than  with  walking 
(see  p.  45).  There  is  also  ansssthesia  of  the  skin  in  the  middle  third 
of  the  back  of  the  thigh,  and  in  the  upper  half  of  the  calf.  A  lesion 
of  the  sciatic  nerve,  near  the  sciatic  notch,  paralyses  the  flexors  of  the 
leg  (which  are  also  extensors  of  the  hip ;  seep.  47),  and  all  the  muscles 
below  the  knees.  Often  the  lesion  is  below  the  upper  third  of  the 
thigh,  and  then  the  flexors  of  the  leg  escape.  Even  when  all  the 
muscles  below  the  knee  are  paralysed,  walking  is  still  possible,  the  fool 
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being  raised  by  OYer-flexion  of  the  hip.  The  ansesthesift  that  resultfl 
from  a  lesion  of  the  nerre  below  the  origin  of  the  small  sciatic,  inyolrefi 
the  outer  half  of  the  leg,  the  greater  part  of  the  dorsum  of  the  f  oot» 
and  all  the  sole,  but  the  leg  maj  escape,  perhaps  through  union  with 
other  nerves. 

The  sjmptoms  of  disease  of  the  branches  are  as  follows : 

That  of  the  esAemal  popliteal  or  peroneal  neive  causes  paralysis  of 
the  tibialis  anticos,  long  extensor  of  the  toes,  peronei,  and  extensor 
brevis  digitoruuL  The  effect  of  this  is  a  loss  of  all  power  of  flexing 
the  ankle  and  of  extending  the  first  phalanx  of  the  toes  (see  p.  50). 
The  foot  cannot  be  raised  from  the  ground  in  walking,  and  talipes 
equinus  ultimately  results  (Fig.  80,  p.  51),  which  may  l)e  attended  with 
persistent  flexion  of  the  first  phalanges  of  the  toes  from  contracture  of 
the  unopposed  interosseL  There  is  also  annsthesia  on  the  outer  half 
of  the  front  of  the  1^,  and  on  the  dorsum  of  the  foot.* 

Disease  of  the  internal  popliteal  nnrve  paralyses  the  popliteus,  calf 
musdes,  tibialis  posticus,  and  long  flexors  of  the  toes,  as  well  as  the 
muscles  of  the  sole.  In  addition  to  the  disability  which  characterises 
paralysis  of  the  plantar  muscles,  there  is  loss  of  the  inward  rotation  of 
the  flexed  leg  if  the  disease  is  so  high  as  to  inyolye  the  branch  to  the 
popliteus,  and  there  is  also  loss  of  the  power  of  extending  the  ankle- 
joint.  Talipes  calcaneus  results  (Eig.  28,  p.  50).  The  sensoiy  loss 
is  on  the  outer  lower  part  of  the  back  of  the  1^,  and  on  the  sole,  but 
Taiies  much. 

The  pla/ntar  nerve*  rarely  suffer  alone.  A  lesion  of  the  internal  nerve 
causes  ansBsthesia  on  the  inner  part  of  the  sole,  and  plantar  surface  of 
the  three  inner  toes  and  half  the  fourth,  together  with  paralysis  of  the 
short  flexor  of  the  toes,  the  plantar  muscles  of  the  great  toe  (except 
the  adductor),  and  of  the  two  inner  lumbricales. 

Disease  of  the  external  nerve  produces  ansesthesia  of  the  skin  on  the 
outer  half  of  the  sole,  the  little  toe  and  half  the  fourth,  paralysis  of 
the  flexor  accessorius,  the  muscles  of  the  little  toe,  all  the  interossei, 
the  two  outer  lumbricales,  and  the  adductor  of  the  great  toe.  The 
effect  of  this  palsy  (see  p.  52)  is  serious,  since  the  toes  cannot  take 
their  proper  share  in  propelling  the  body  forward  in  walking,  and  they 
gradually  become  flexed  at  the  last  two  joints  and  extended  at  the 
others,  from  the  contracture  of  the  opponents  of  the  interossei, — a 
position  of  the  toes  that  causes  serious  inconvenience  in  walking. 

DiAOKOsis. — ^The  diagnosis  of  diseases  of  the  nerres  of  the  leg  is 
determined  by  the  same  general  principles  as  those  that  have  been 
mentioned  as  applicable  to  the  nerves  in  general,  and  to  the  nerves 
of  the  arm  in  particular.  The  limitation  of  the  symptoms  to  the 
functional  areas  of  individual  nerve-trunks,  the  evidence  afforded  by 
nutrition,  irritability,  and  reflex  action  that  the  muscles  are  separated 

*  AuBtthatfak  in  the  dittriet  f applied  by  this  nerve  may  be  a  sym|itom  of  varioua 
progreseive  nerrooe  dtieiaes  %  it  wmi  first  deaeribed  in  this  connection  by  Sarb6  (aee 
^  110.  footnote). 
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from  the  spinal  cord,  the  implication  of  the  lensorj  fnnctioni^  and 
often  the  tendemess  of  the  affected  nerves^  indicate,  in  most  caseit 
the  seat  of  the  disease.  To  these  signs  are  often  added  other  indica- 
tions of  a  local  cause,  corresponding,  in  its  position,  irith  the  nenre 
to  which  the  symptoms  point. 

The  relation  of  nerve-trunks  to  nenre-roots,  although  by  no  means 
simple,  is  certainly  less  complex  in  the  case  of  the  nenres  of  the  leg 
than  in  those  of  the  arm.  This  is  especially  the  case  in  the  lumbar 
plexus,  and  it  leads  to  an  occasional  difficulty  in  diagnosis.  Preamm 
on  the  spinal  cord,  for  instance,  at  the  leyel  of  the  origin  of  the  fourth 
lumbar  roots,  may  cause  symptoms  identical  with  those  of  a  partial 
lesion  of  the  anterior  crural  nenre.  For  instance,  I  have  known  para- 
lysis of  the  extensors  of  the  knee,  loss  of  the  knee-jerk,  with  ansssthesia 
in  the  front  of  the  thigh,  to  be  the  result  of  a  gumma  at  the  side  of  the 
cord  at  this  leyel.  But  other  evidence  of  a  spinal  lesion  is  rarely  absent 
under  such  circumstances,  and  in  this  patient  a  foot-clonus,  due  to  the 
pressure  on  the  pyramidal  fibres,  left  no  doubt  as  to  the  situation  of  the 
disease.  Another  difficulty  arises  from  the  long  course  of  the  nerve-roote 
in  the  cauda  equina,  disease  of  which  may  simulate  that  of  the  nerves  of 
the  leg.  Implication  of  this  region  is  most  commonly  due  to  syphiliB, 
trauma,  congenital  defects  (spina  bifida),  or  new  growths.*  But 
the  symptoms  are  commonly  bilateral  in  consequence  of  the  prox- 
imity of  the  nerve-roots  of  the  two  sides.  In  all  cases  in  which 
symptoms  are  bilateral  (unless  there  is  evidence  of  a  disease  known 
to  cause  symmetrical  lesions,  such  as  multiple  neuritis),  the  suggestioB 
is  that  the  disease  is  situated  where  the  motor  or  sensory  paths  of 
each  side  are  so  near  that  they  can  be  affected  by  a  single  ledon,  i.  a. 
that  the  disease  is  within  the  spinal  canal.  But  here,  as  in  other 
cases,  we  cannot  reverse  our  diagnostic  rules.  Disease  of  the  spinal 
cord  does  not  always  cause  bilateral  symptoms.  A  limited  lesion  of 
one  anterior  comu  may  be  so  placed  as  to  paralyse  the  musdes  supplied 
by  a  single  nerve,  and  a  doubt  may  be  felt  as  to  the  central  or  peri- 
pheral origin  of  such  palsy.  The  muscles  supplied  by  the  anterior 
crural  nerve,  and  the  musdes  in  the  front  of  the  lower  1^  supplied 
by  the  external  popliteal,  are  those  of  which  the  central  palsy  most 
often  leads  to  doubt.  The  mode  of  onset,  the  presence  or  absence 
of  sensory  symptoms,  the  rarity  of  acute  spinal  palsy  except  in  child- 
hood, and  of  nerve-lesions  except  in  adult  life,  the  wider  initial  pre- 
valence of  the  palsy  in  acute,  and  its  later  extension  in  chronic, 
comual  disease, — ^these  suffice  as  a  rule  to  remove  any  doubt 

It  is  important  to  remember  that  the  pressure  of  a  growth  may 
cause  either  a  chronic  or  an  acute  affection  of  the  nerves.  The  chronio 
symptoms  result  from  compression ;  the  acute  from  a  neuritis  set  up 
by  the  pressure  and  irritation. 

Trbatmbkt. — The  treatment  of  disease  of  the  nerves  of  the  leg 

•  See  Thorburu,  '  Brain,'  1888 1  Fr.  Schulie, « Deotodie  ZeltMhr.  Kervsnbeak^* 
1894,  vol.  V. 


BBAOHTAL  NBUMTIS.  119 

does  not  differ  from  that  of  disease  of  the  neires  of  the  arm.  More 
care,  perhaps,  is  needed  to  avoid  increasing  present  mischief,  or 
mTiting  a  relapse,  hj  exposure  to  cold  or  by  fatiguing  exertion.  More 
care  is  also  needed  to  obyiate  the  tendency  to  secondary  contractures  in 
the  case  of  palsies  of  long  duration,  and  in  those  attended  by  pain  in 
which  the  patient  seeks  ease  in  postures  to  whicd  the  musdes  only  too 
readily  adapt  themselyes.  The  contraction  of  the  hamstrings,  from  con- 
stant flexion  of  the  knees,  occurs  yery  readily  and  is  most  troublesome ; 
that  of  the  calf  muscles,  which  occurs  when  the  flexors  of  the  ankle  are 
paralysed,  also  constitutes  a  serious  obstacle  to  walking  after  recoYery. 
A  little  timely  caro,  by  attention  to  posture,  will  often  save  a  yast 
amount  of  later  trouble.  That  of  the  calf  muscles,  however,  which 
is  due  to  the  extension  produced  by  the  weight  of  the  foot  as  the 
patient  lies,  cannot  always  be  entirely  prevented,  but  may  be  lessened 
by  a  board  or  large  sand-bag  against  which  the  feet  can  rest. 

An  outline  is  given  elsewhere  of  the  forms  of  local  inflammation  of 
these  nerves,  with  special  reference  to  the  morbid  process,  on  account 
of  its  important  practical  relations.    (See  Crural  Neuritis,  p.  183.) 
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Besides  the  forms  of  inflammation  of  the  nerves  of  the  arm  already 
deseribed,  a  primary  inflammation  of  the  brachial  plexus  occurs  in  a 
form  as  well  defined  as  sciatica,  and  equally  meriting  a  separate 
description.  This,  however,  need  only  include  its  special  features; 
those  that  are  common  to  other  forms  of  neuritis  have  been  already 
described.  It  is  closely  analogous  to  sciatica,  and  is  usually  a  peri- 
neuritis,—a  primary  inflammation  of  the  sheaths  of  the  branches  that 
enter  and  form  the  brachial  plexus. 

Cases  occur,  however,  in  which  the  symptoms  correspond  in  general 
character  to  the  rest,  but  in  which  their  distribution  suggests  that  the 
nerve-roots  rather  than  the  plexus  aro  the  seat  of  the  inflammation^ 
and  pain  about  the  spine  supports  the  opinion.  This  form  may  be 
called  Badicular  NeuritU.  Although  its  existence  has  not  been 
established  by  pathological  evidence,  the  symptoms  mentioned  admit 
of  no  other  explanation.  A  knowledge  of  their  significance  is  of  great 
practical  importance  on  account  of  the  closeness  with  which  they  may 
simulate  those  of  organic  disease  of  the  bones  of  the  spine,  or  a  growth 
in  the  spinal  membranes. 

Oattsbs.— The  influence  of  gout  in  causing  local  neuritis  is  very 
conspicuons  in  the  brachial  form,  with  the  special  characteristic  that 
this  oceurs  chiefly  late  in  life,  verv  often  from  the  inherited  disease, 
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and  with  greater  frequency  in  females  than  any  other  form  of  neoritiai 
their  liability  is  at  least  equal  to,  if  not  greater  than*  that  of  men* 
Five^  sixths  of  the  cases  occur  after  fifty,  and  it  may  be  met  with  up 
to  extreme  old  age.  In  men  there  have  usually  been  the  ordinary 
manifestations  of  gout,  but  in  women  the  tendency  is  often  only 
indicated  by  the  family  history,  and  by  prerious  muscular  rheuma- 
tism, especially  lumbago  and  sciatica, — ^which  hare  seldom  been  abront 
in  either  sex.  In  one  case  the  onset  of  the  brachial  neuritis  occurred 
immediately  after  an  attack  of  sciatica.  Neuritis  of  the  brachial 
plexus  may  also  arise  from  ti:auma  or  the  pressure  of  new  growths. 
6.  g,  of  a  pressure  on  the  posterior  surface  of  the  daride. 

Symptoms. — Fain,  the  great  symptom  of  the  inflammation  of  all 
mixed  and  sensory  nerres,  is  greater  in  this  than  in  most  forms  of 
neuritis.  It  is  usually  the  first  symptom,  and  lasts  long  after  the 
inflammation  is  oyer;  its  seyerity,  coupled  with  the  age  of  most 
sufferers,  renders  the  malady  one  of  a  peculiarly  trying  character. 
The  first  pain  is  often  referred  to  a  distance  from  the  seat  of  the 
inflammation,  perhaps  because  this  begins  at  the  plexus,  where,  at 
diyisions,  it  is  facilitated  by  motion,  and  the  conducting  fibres  are 
readily  reached  and  early  irritated.  Frequent  seats  for  the  first  pain 
are  the  region  of  the  scapula  (sometimes  beneath  the  bone)  and  the 
wrist  or  back  of  the  forearm,  with  or  without  the  hand.  In  other 
cases,  however,  the  first  pain  is  at  the  plexus  itself,  aboye  the  dayide 
or  in  the  axilla,  and  these  are  the  places  in  which  it  is  commonly  most 
intense  throughout  the  attack.  As  the  pain  increases  it  extends  along 
the  course  of  the  nerves  of  the  arm,  which  the  patient  will  often  accu- 
rately indicate  with  his  finger  when  tracing  the  lines  of  pain. 

The  pain  is  sometimes  sudden  in  onset  and  severe  from  the  begin- 
ning ;  more  often  it  is  at  first  occasional,  or  felt  on  certain  moyements^ 
but,  as  it  increases,  it  becomes  more  continuous,  with  yariations  that 
soon  become  paroxysmal.  Ultimately  there  is  always  more  or  less  dull 
wearying  pain  in  the  whole  arm,  but  especially  in  the  region  of  the 
plexus,  varied  by  attacks  of  great  severity.  In  these  the  pain  is  acute 
and  lancinating,  or  stabbing,  or  burning ;  it  usually  takes  the  course 
of  the  nerves,  diffusing  itself  from  them,  and  often  passing  to  the  side 
of  the  chest  and  to  the  neck, — ^seldom  to  the  head.  The  pain  often 
yaries  in  character  according  to  intensity;  at  the  height  of  the 
paroxysm  it  may  be  sharp  and  stabbing,  or  such  darting  pains  may 
be  superadded  to  a  more  diffused  burning  pain,  whi<:h  lasts  longer 
than  the  acute  pain,  and  may  be  followed,  as  the  paroxysm  subsides, 
by  general  tingling  of  the  skin  of  the  whole  limb.  The  paroxysms  are 
induced  by  movement  or  occur  spontaneously.  In  slighter  cases  the 
pain  is  paroxysmal  only,  and  then  the  relation  to  moyement  is  a  yery 
conspicuous  feature.  Although  it  is  seldom  confined  to  movement,  this 
never  fails  to  induce  severe  pain,  and  the  patient  avoids  the  slightest 
use  of  the  limb.     Elevation  of  the  arm  especially  causes  distress. 

With  the  pain  there  is  usually  undue  sensitiveness  of  the  skin. 
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vUch  maj  be  mncli  increased  daring  and  after  the  paroxjnns.  Lota 
of  Benaation  is  rare,  and  is  met  with  only  in  cases  that  are  not  only 
serere  but  prolonged.  The  two  may  concar,  as  "  ansasthesia  dolorosa." 

The  muscles  usually  present  the  flabbiness  and  slight  wasting 
common  in  neuritis,  but  the  damage  to  the  motor  fibres  is  seldom 
sufficient  to  cause  considerable  atrophy.  Sometimes,  however,  there 
is  enough  damage  to  cause  wasting  of  some  group  of  muscles,  with 
the  reaction  of  degeneration.  This  is  most  frequent  in  the  radicular 
form,  in  which  the  damage  is  to  the  upper  part  of  the  plexus  and 
nerve-roots.  There  may  then  be  aneasthesia  of  the  skin  over  the 
afPected  muscles.  It  is  difficult  to  ascertain  the  existence  or  the 
amomit  of  motor  weakness;  effort  induces  pain  so  readily  that  the 
patient  can  seldom  be  induced  to  make  an  attempt  to  exert  force. 
Power  is  often  said  to  be  almost  lost,  when  it  is  probably  greater  than 
is  believed.  Besides  the  muscles,  the  subcutaneous  tissue  of  the  limb 
may  also  waste,  and  the  skin  may  become  thin  and  shining,  and 
present  the  aspect  already  described.  Subcutaneous  cedema  is  also 
common,  and  in  one  case  erythema  nodosum  was  found.*  Arthritic 
changes  in  the  joints  of  the  fingers  are  almost  constant  in  the  cases 
that  occur  in  later  life ;  the  adhesions  may  be  permanent. 

DiAONOBis. — ^Few  maladies,  as  a  fact  of  experience,  give  rise  to 
greater  diagnostic  difficulty.  This  is  due  to  several  causes:  the 
affection  is  rare ;  its  symptoms  are  sometimes  equivocal ;  the  subjects 
are  usually  in  the  degenerative  period  of  life,  when  many  obscure 
diseases  attended  with  pain  in  the  arm  occur  to  the  mind  of  the 
physician;  and  lastly,  the  distinction  between  neuralgia  and  neuritis 
is  often  difficult,  although  less  so  than  is  supposed.  The  last  is,  indeed, 
the  mos'.  frequent  source  of  error.  The  most  severe  and  characteristio 
cases  of  bradiial  neuritis  are  frequently  mistaken  for  pure  neuralgia, 
on  account  of  the  paroxysmal  character  of  the  more  severe  pain,  and 
because  the  characters  of  neuritis  are  unfamiliar.  The  pointa  to  deter- 
mine the  diagnosis  are  those  described  in  the  sections  on  neuritLs  and 
neuralgia; — ^the  degree  of  peraistent  tendemeas  of  the  nervea  and  the 
influence  of  movement,  together  with  the  histoiy  of  the  attack,  the 
locality  of  the  pains,  and  especially  any  evidence  of  damage  to  the 
fibres.  A  history  of  neuralgia  in  the  person  or  the  family  is  of  slight 
weight  only ;  the  tendencies  to  true  neuralgia  and  to  neuritis  are  often 
combined,  and  each  is  a  frequent  result  of  gout.  A  far  greater  diffi- 
culty  is  presented  by  the  cases  in  which  the  inflammation  remains 
slight  and  is  confined  to  the  plexus,  affecting  branches  where  the  con- 
ducting fibres  can  be  so  irritated  as  to  cause  distant  pain,  which  then 
becomes  the  leading  symptom.  This  is  often  paroxysmal,  and,  when 
on  the  left  side,  may  radiate  to  the  chest  and  be  associated  with  dis- 
turbed action  of  the  heart.  Angina  pectoris  is  often  thought  of  in 
such  cases;  and  here  again  the  degenerative  age  mav  increase  the 
difficulty  by  leading  to  the  presence  of  some  coincident  disease  of  th« 
•  ▼.  Fniikl  Horhwart,  *  Wien.  klin.  Wochentchrift,*  1897,  No.  1. 
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heart,  or  by  making  true  angina  not  unlikely.  The  distinction  afforded 
bj  the  nerve- tenderness  is  tiien  of  great  importance,  because  the  dis- 
proportionate amount  of  tenderness  (compai*ed  with  the  amount  of 
pain)  is  more  emphatic  in  slight  than  in  severe  cases.  Persistent 
tenderness  with  only  paroxysmal  pain  should  always  suggest  neuritis. 
When  the  position  of  the  pain  is  carefully  examined,  its  relation  to 
the  plexus  and  branches  is  often  cL*ar.  It  is  important  to  remember 
that  all  nerve-pains  in  the  brachial  region  on  the  left  side  have  a 
tendency  to  resemble  anginal  pain  in  distribution,  and  to  be  associated 
with  cardiac  distress.  Probably  there  is  some  peculiar  tendency  for 
pains  in  this  part  to  disturb  the  action  of  the  heart;  a  common  physio- 
logical relation  may  underlie  both  the  nerve-pains  of  cardiac  n-ngin^ 
and  the  cardiac  symptoms  of  nerve-pains.  Hence  this  secondary  dis- 
turbance does  not  neutralise  the  significance  of  the  special  signs  of 
neuritis.  In  some  cases  of  the  slighter  class,  the  pains  suggest  the 
idea  of  an  aneiurism ;  in  many  cases  of  brachial  neuritis  this  diagnosifl 
has  been  made,  and  the  patient  has  had  to  endure  months  of  mental 
distress,  for  which  no  real  cause  was  in  existence.  Such  a  suspicion* 
in  the  absence  of  special  signs,  such  as  pressure-symptoms,  should 
only  be  entertained  if  the  pains  are  persistently  and  increasingly 
severe,  and  unaccompanied  by  any  considerable  amoxmt  of  tenderness. 
In  all  these  cases,  moreover,  the  presence  of  the  gouty  diathesis  may 
be  allowed  weight  in  the  diagnosis. 

The  muscular  wasting,  slight  in  degree,  added  to  the  arthritie 
changes,  gives  rise  to  a  condition  which  may  be  mistaken  for  a  primary 
joint  affection  with  secondary  "  arthritic  atrophy  "  of  the  muscles.  It 
is  only  in  the  chronic  stage  that  this  error  is  possible.  A  careful 
attention  to  the  history  of  the  case  will  show  its  real  nature,  but  with- 
out this  attention  the  mistake  is  easy,  and  it  is  often  made. 

Pboonosis.— Except  in  its  most  trifling  degree,  brachial  neuritis  is 
a  tedious  malady ;  the  duration  of  every  severe  case  is  to  be  measured 
by  months,  and  often  more  than  a  year  elapses  before  the  patient  is 
free  from  pain.  Post-neuritic  pain  is  always  more  prolonged  in  the 
old  than  in  the  young,  and  the  age  of  the  subjects,  together  with  the 
amount  of  damage  to  the  nerves,  causes  suffering  to  last  longer  than 
in  almost  any  oi^er  form.  To  these  causes  also  must  be  added  the 
degree  of  sensitiveness  of  the  affected  nerves,  exceeded  only  by  that  of 
the  fifth  nerve,  and  also  the  mobility  of  the  parts  in  which  the  plexus 
lies ;  this  involves  a  continued  cause  of  irritation,  brought  into  play 
as  soon  as  the  diminution  in  the  severer  pain  permits  the  patient  to 
employ  the  long  useless  arm.  Belapses,  moreover,  are  not  unoommon. 
Eecurrence  may  take  place  after  moderate  attacks,  but  seldom  occurs 
after  tliose  of  extreme  severity. 

Eecoveiy  from  the  consequences  of  the  inflammation  is  not  always 
complete.  The  limb  often  remains  smaller  and  feebler,  with  a  liabilitj 
to  tingling  and  to  cramp,  and  also  to  neuralgic  pains  under  the  in- 
fluence of  changes  in  the  weather,  &c.     But  the  most  serious  conse- 
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qoenoes  ax^  the  alteratioiui  in  the  ^jints.  These  are  very  frequent  t 
the  fixation  oeoasioned  by  the  pain  permits,  and  the  tendencT*  to 
perrerted  nutrition  produces,  adhesion  between  the  articular  surfaces, 
in  oonseqaence  of  which  the  moTement  becomes  permanentlj  xo- 
■tnined.  It  is  probable,  moreover,  that  the  constitutional  state  which 
underlies  the  primary  malady  often  increases  the  degree  of  these 
joint-alterations.  The  shoulder,  wrist,  and  fingers  are  the  joints  that 
are  most  frequently  thus  rendered  stiff.  The  interference  with  the 
movement  of  the  fingers  is  especially  troublesome ;  the  joints  become 
punful  in  consequence  of  the  unavoidable  strain  on  the  tissues  when 
an  attempt  at  use  is  made. 

Tbsatmbitt. — The  treatment  that  has  been  described,  as  needed  in 
neuritis  generally,  is  suitable  also  for  this  form,  and  its  details  need 
not  here  be  repeated.  Abstinence  from  movement  is  of  great  import- 
aaioe;  the  occurrence  of  stiffness  of  the  joints  in  consequence  of  the 
immobility  of  the  limb  must  be  risked.  It  is  doubtful,  indeed,  whether 
the  tendenqr  to  this  is  much  increased  thereby,  for  the  effect  of  pain, 
in  preventing  suf&cient  movement  to  maintain  the  normal  state  of  the 
joints,  is  not  materially  increased  by  rest  otherwise  enforced  i  while 
the  difference  between  a  little  movement  and  none,  during  the  acute 
stage  of  the  affection,  is  enough  to  make  a  considerable  difference  in 
the  effect  on  the  inflammation  of  the  nerves.  The  influence  of  cocaine, 
injected  under  the  skin,  is  very  beneficial,  but  it  is  needed  frequently 
in  severe  cases,  and  two  injections  (each  ^ — ^  gr.)  may  be  given 
daily  during  the  height  of  the  disease.  It  is  important  that  the  nerves 
should  not  be  irritated  by  massage  in  the  state  of  active  inflammation ; 
indeed,  no  therapeutic  measiure  which  occasions  pain  can  do  as  much 
good  as  harm.  After  the  tenderness  has  subsided,  gentle  rubbing, 
such  as  is  agreeable,  may  be  employed  with  advantage.  Electricity  is 
only  needed  for  muscles  that  present  the  reaction  of  degeneration,  or 
to  aid  in  removing  after-pains.  In  one  severe  case,  associated  with 
multiple  neuromata  of  the  skin,  relief  resulted  from  excision  of  the 
outer  and  inner  cords  of  the  plfixoa.  The  excised  portions  showed 
some  interstitial  neuritis.* 


SCIATICA. 


The  most  frequent  of  all  forms  of  inflammation  of  a  single  nerve, 
unilateral,  and  primarily  of  the  connective-tissue  elements,  and 
especially  of  the  sheatli,  is  that  of  the  sciatic.  The  fact,  coupled 
with  the  prominent  character  of  the  painful  and  disabling  symptoms, 
have  raised  "  sciatica  "  into  a  conspicuous  position  among  diseases  of 

*  Maury  and  Juliriiig, '  Ainer.  Joam.  of  Med.  ScL/  1874 1  a  similar  case  of  aeptio 
origin  recorded  by  S.indi  and  Segain  was  not  cured  by  excision  of  the  plexus. 
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the  neryes,  and  indeed  among  diseases  generally.  This  renders  denraUe 
a  speciallj  full  description  of  the  malady,  fuller  than  strictly  oon^- 
gponds  with  its  subordinate  position  as  a  Tariety  of  neuritis. 

As  the  word  "  sciatica  "  is  commonly  used,  it  is  a  general  dengnation 
for  all  affections  of  which  the  chief  symptom  is  pain  in  the  region  of 
the  sciatic  nerve.  In  a  stricter  use  of  the  word,  howeyer,  it  is 
applied  to  painful  affections  of  the  nerre  not  due  to  any  morbid  pro- 
cess outside  it;  thus  limited,  it  practically  corresponds  to  inflamma- 
tion of  the  nerre.  Two  Yarieties  may  be  distinguished,  howeTer, 
according  as  the  process  in  the  nerre  is  excited  by  primary  disease  in 
its  vicinity,  "secondary**  sciatica;  and  "primary"  sciatica,  when  the 
pain  is  the  e]q>re88ion  of  disease  beginning  in  and  related  to  the  nerve 
itself.  Primary  sciatica  is  sometimes  regarded  as  a  neuralgia.  This 
view  is  in  the  main  erroneous ;  the  vast  majority  of  cases  of  soiatioa 
are  really  cases  of  true  neuritis. 

Causes. — Sciatica  is  far  more  frequent  in  males  than  in  females ; 
the  proportion  has  been  very  variously  estimated.  The  best  evidence  of 
the  incidence  of  the  disease  is  that  presented  by  the  patients  treated  at 
the  Devonshire  Hospital,  Buxton,  of  which  an  analysis  of  1000  cases 
has  been  made  by  Dr.  E.  Y.  Gibson.*  The  percentage  of  males  is  88*4, 
of  females  ll'6,t  giving  a  ratio  of  5  to  1,  which  is  probably  very  near 
the  truth.  The  disease  is  unknown  in  childhood,  and  rare  in  the  second 
decade  of  life.  It  does  not,  indeed,  occur  under  fifteen ;  in  more  than 
half  the  cases  it  begins  between  thirty  and  fifty,  and  between  fifty  and 
seventy  in  a  quarter.  Having  regard  to  the  smaller  number  of  persons 
living,  the  frequency  of  its  occurrence  must  be  r^;arded  as  at  leadt  as 
great  in  late  as  in  middle  life.{ 

No  special  influence  of  sex  is  distinguishable  in  the  decade  forty  to 
fifty :  the  proportion  of  males  to  females  is  that  of  the  whole  series. 
Under  forty  a  smaller,  and  over  fifty  a  larger  proportion  of  females 
suffer.  Exposure  to  the  exciting  causes  is  probably  more  common 
in  males  during  middle  life,  when  also  the  malady  is  promoted  by 
the  various  accelerating  influences  which  aid  the  active  development 
of  its  chief  constitutional  cause— gout.  But  it  must  not  be  forgotten 
how  comparatively  small  is  the  actual  number  of  cases  in  women. 

Underlying  most  cases  of  sciatica  is  either  the  state  of  definite  gout, 
or  that  rheumatic  diathesis  in  which  the  fibrous  tissues  suffer,  especially 
those  that  are  connected  with  the  muscles,  a  form  closely  connected  with 
common  gout  by  co-existence  or  descent.  It  occurs  frequently  in  those 
who  are  themselves  gouty,  who  present  the  personal  characteristics  of  the 
disease,  and  have  fostered  it  by  mode  of  life.    It  occurs  also  in  those  of 

•  Dr.  E.  Valentine  Gibson.  *  Lancet,'  1893,  vol.  I,  p.  860. 

t  8S4  femiileg,  116  males,  in  the  1000. 

{  The  percentage  (Ustribation  of  the  1000  causes  at  Bnztou  If  as  followit— The 
age  is  taken  at  which  the  first  attack  commenced.  Between  15  and  20,  14  eases; 
21  to  80,  169  cases ;  31  to  40,  310  cases;  41  to  50,  248  cases  (one  quarter  of  the 
whole);  61  to  60.  187  cases;  61  to  70.  71  case^  ;  71  to  80,  11  cases. 
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goaty  inheritaaoe,  bat  who  themselTes  baye  been  abstemious,  and 
■ometiineB  present  a  weakly  constitution — thin,  pallid,  neurotic.  The 
latter  haTe  often  suffered  from  acute  articular  rheumatism  in  earlier 
life.  It  is  among  them  that  the  most  severe  cases  are  met  with,  in 
which  the  inflammation  spreads  to  other  nerves,  or  inyolves  the  sheath 
of  the  sciatic  with  other  structures,  and  that  it  deyelops  early  in 
life,  daring,  for  instance,  the  second  fifteen  years.  This  constitutional 
state,  with  all  its  effects,  is  sometimes  met  with  when  there  is  only 
trifling  eridence  of  iaheritance.  Some  unknown  influence  seems  to 
determine  its  development  in  intense  degree  as  a  congenital  tendency, 
manifested  by  rheumatic  troubles,  various  and  severe,  early  in  adult 
life — ^the  sporadic  occurrence  of  that  which  is  usually  inherited. 
There  is  no  evidence  of  a  direct  causal  relation  to  other  consti* 
tutional  diseases.  Syphilis  has  been  supposed  in  some  cases  to  give 
rifle  to  it,  but  the  cases  are  rare,  and  the  common  cause  can  seldom 
be  excluded. 

An  exciting  cause  is  to  be  traced  in  many  of  the  cases.  Exposure 
to  eold  is  the  most  frequent.  It  is  usually  local  exposure,  as  by  wet 
boots,  standing  in  water,  <&c. ;  sometimes,  however,  a  general  chill  of 
the  body  determines  an  attack.  The  exposure  to  cold  may  be  even 
more  direct^  as  by  sitting  on  wet  grass.  Draughty  water-closet  seats 
are  answerable  for  some  cases.  The  neoritis  often  arises  by  the  exten- 
sion of  an  adjacent  rheunmtic  affection  of  the  fibrous  tissue,  especially 
of  that  form  of  "  lumbago  "  which  involves  the  fibrous  attachments  of 
the  muscles  at  the  back  of  the  sacrum,  less  commonly  in  its  ordinary 
hunbar  seat.  This  affection  passes  down  from  the  sacrum,  extending 
along  the  fascis,  to  the  nerve-sheath  in  the  neighbourhood  of  the 
flciatic  notch ;  or  passes  forwards,  over  the  crest,  to  the  front  of  the 
iliac  bone,  and  spreads  in  the  tissue  about  the  lumbar  plexus,  and 
descends  to  that  which  covers  the  mass  of  sacral  nerves  ^m  which 
the  sciatic  proceeds.  *  (The  fact  is  of  much  interest,  because  it  shows 
that  this  form  of  fibrous  rheumatism,  of  which  we  have  only  a  very 
TOgue  patholc^cal  conception,  must  be  regarded  as  inflammation, 
since  positive  neuritis  results  from  it. )  The  rheumatic  pain  has  usually 
existed  for  a  few  days  only  before  the  extension  occurs,  but  sometimes 
a  chronic  affection,  after  existing  as  such  for  several  weeks,  spreads 
acutely. 

Mechanical  disturbance  sometimes  excites  the  disease,  and  often 
oo-operates  with  other  influences.  The  pressure  of  the  edge  of 
the  chair,  in  those  who  sit  much,  is  the  most  frequent.  Muscular 
over-exertion,  suddenly  compressing  the  nerve  in  the  thigh,  is  occa- 
sionally effective.  If  the  nerve  is  already  tender,  a  strong  contraction 
of  the  muscles  at  the  back  of  the  th^h,  especially  when  the  knee  is 
flexed^  and  the  muscles  can  freely  shorten  and  widen,  may  produce  acute 
pain  in  the  nerve,  evidently  by  its  compression.  This  cause  is  probably 
eSectiTe  only  in  a  predisposed  person,  or  when  there  is  already  com- 
mencing neuritis 
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Yarioas  morbid  processes  within  the  pelvis  may  canse  sdatiea  by 
compressiiig  the  sacral  plexus,  or  by  exciting  inflammation  which 
invades  the  nerre.  Bectal  and  other  tumours  give  rise  to  progressiTS 
pressure,  and  the  inflammation  excited  descends  the  nerve,  resembling 
the  primary  form.  It  may  be  an  early  symptom  of  a  growth  springing 
from  the  bone,  as  an  enchondroma  arising  at  the  sacro-iliac  synchon- 
drosis. Pelvic  inflammation  and  injury  during  labour  are  occasional 
causes.  A  loaded  rectum  may  be  the  excitant,  but  is  a  rare  cause, 
although  apt  to  be  recurrent  when  once  effective.  Lastly,  the  sdatio 
nerve  may  be  secondarily  involved  iii  mischief  that  is  outside  the 
pelvis.  GHie  most  frequent  cause  of  this  is  disease  of  the  bone,  as 
disease  of  the  hip-joint,  especially  senile  rheumatic  inflammation 
(Gibson). 

The  proclivity  of  the  fibrous  tissue  of  this  nerve  to  suffer  primarily 
it  due  to  its  position  and  the  exposure  this  involves,  and  to  its  con- 
nections, which  facilitate  the  passage  of  inflammation  to  it.  But 
there  are  cases  with  a  strong  disposition  for  fibrous  rheumatism  to  fix 
itself  in  the  tissues  of  the  pelvis,  sacral  and  lumbar  regions ;  the 
nerves  cannot  escape  implication ;  whether  the  sciatic  suffers  early  or 
late,  and  in  what  degree,  depend  on  secondary  conditions,  but  it  is 
specially  liable  on  account  of  the  anatomical  relations  of  its  origin. 
The  mass  of  the  "  sacral  plexus ''  is  prolonged  into  it,  and  the  mem- 
branes covering  this,  and  its  branches,  including  the  lumbo-sacral  cord, 
are  very  liable  to  be  the  seat  of  such  inflammation,  wide-spread,  fixing 
itself  irr^ularly  on  the  various  nerves,  but  in  special  degree  on  the 
sciatic.  In  these  cases  the  pain  is  extensive,  and  often  severe  in  the 
front  of  the  thigh,  but  the  symptoms  of  descending  neuritis  are 
prominent  chiefly  in  the  sciatic. 

Symptoms.— The  two  nerves  suffer  with  nearly  equal  frequency,  but 
Gibson  found,  in  his  extensive  series,  that  the  left  was  a  little  the 
more  liable,  in  the  proportion  of  48  to  44  per  cent.  In  about  7  per  cent, 
both  were  affected  simultaneously — a  striking  indication  of  the  smaller 
relative  part  played  bj  the  general  blood-state,  compared  with  poly- 
neuritis, and  the  preponderant  influence  of  local  excitants.  The 
chief  symptom  of  primary  sciatica  is  pain  along  the  course  of  the 
nerve-trunk,  often  also  along  that  of  its  branches;  pain  in  the 
area  of  its  distribution  is  sometimes  subsequently  developed.  The 
affection  may  begin  suddenly,  especially  in  cases  of  rheumatic  origin, 
— as  suddenly  as  lumbago.  Some  movement  seems  to  excite  it» 
but  there  has  usually  been  slighter  rheumatic  pain  in  the  neighbour- 
hood for  a  day  or  two,  generally  about  the  hip  or  sacrum.  More 
frequently  the  onset  is  gradual;  slight  pain  is  felt  along  the  back 
of  the  thigh,  on  movements  and  in  postures  that  make  the  nerve  tense, 
or  cause  pressure  upon  it.  This  pain,  due  to  a  slight  degree  of 
inflammation,  has  generally  existed  for  some  weeks,  increasing  in 
degree  until  a  considerable  severity  is  attained,  or  suddenly  becoming 
intense  under  the  influence  of  some  exposure  or  over-exertion.     At 
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last  the  patient  is  easj  only  wlien  at  rest,  and  when  the  leg  is  in  a 
oertain  postore.  Any  moyement  that  makes  the  nerve  tense  causes 
pain,  and  to  avoid  this  the  knee,  in  walking,  is  kept  slightly  flexed, 
and  the  leg  held  stiffly  so  as  to  avoid  stretching  the  nerve.  As  the 
pain  on  movement  increases,  spontaneous  pain  is  added,  at  first  chiefly 
felt  in  the  nerve-trunk,  but  soon  spreading  to  its  branches  and  distri- 
bution. It  is  usually  most  intense  in  oertain  spots — (1)  above  the 
hip-joint,  near  the  posterior  iliac  spine,  (2)  at  the  sciatic  notch,  (3) 
about  the  middle  of  the  thigh,  (4)  behind  the  knee,  (5)  below  the 
head  of  the  fibula,  (6)  behind  the  external  malleolus,  (7)  on  the  back 
of  the  foot.  The  pain  may  radiate  over  the  whole  distribution  of  the 
nerve,  but  it  is  often  so  distinctly  limited  to  the  course  of  the  trunk 
and  branches,  that  the  patient  points  these  out  with  exactness  when 
he  indicates  its  cotirse.  The  chief  intensity  of  the  pain  is  usually 
down  the  back  of  the  thigh.  It  may  be  dull  or  acute,  is  often  burmng 
in  character,  and  worse  at  night.  It  may  seem  to  dart  downwards, 
starting  from  the  highest  point.  As  the  pain  on  movement  increases, 
the  nerve-trunk  becomes  extremely  tender  to  pressure.  Efen  oefore 
the  tenderness  becomes  considerable  in  the  thigh,  pain  may  often  be 
produced  in  the  f oUowing  manner : — Let  the  patient  sit  on  a  chair 
with  the  knee  at  a  little  more  than  a  right  angle,  and  the  body  bent 
forward,  so  as  to  lengthen  the  course  of  the  nerve  at  t)ie  hip-  and 
knee-joints.  If  the  finger  is  then  pressed  into  the  popliteal  space,  so 
as  to  make  the  nerve  a  little  more  tense,  a  pain  is  felt  in  the  course  of 
the  nerve  at  the  back  of  the  thigh  or  above  the  sciatic  notch,  and  behind 
the  hip.  It  is  due  to  the  sensitiveness  of  the  nerve  to  tension,  and  is 
a  very  useful  test,  especially  when  the  part  inflamed  is  high  up  within 
the  pelvis.  It  may  reveal  the  affection  of  the  nerve  here,  by  making 
it  more  tense,  when  there  is  no  tenderness  to  pressure  at  the  back  of 
the  thigh. 

Abnormal  sensations  other  than  pain  are  often  felt  in  the  area  of 
distribution  of  the  nerve, — ^tingling,  formication,  and  the  like ;  and  in 
severe  cases  there  may  be  diminished  sensibilily  on  the  back  of  the 
thigh,  on  the  leg,  or  the  foot.  The  affection  of  sensibility  at  the  back 
of  the  thigh  indicates  that  the  disease  extends  up  the  nerve,  above  the 
sciatic  notch,  to  the  origin  of  the  small  sciatic,  or  that  this  is  involved 
in  a  simultaneous  neuritis.  In  severe  cases  the  muscles  supplied  by 
the  nerve  become  flabby,  tender  to  the  touch,  and  sometimes  distinctly 
weak  and  wasted.  This  is  chiefly  noticeable  in  the  calf  muscles, 
and  in  the  group  supplied  by  the  external  popliteal  nerve.  A 
tendency  to  cramp  in  the  muscles  is  often  very  marked.  There 
may  be  an  alteration  in  the  electrical  irritability,  usually  a  slight 
increase  to  each  form ;  it  is  considerable,  and  amounts  to  a  distinct 
degenerative  reaction,  only  in  very  severe  cases.  Slight  fever  and 
corresponding  constitutional  symptoms  may  attend  an  onset  that  is 
acute,  when  the  inflammation  is  intense.  Chronic  cases^  however, 
are  usually  not  attended  by  elevation  of  temperature. 
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The  daration  and  Beyerity  of  the  affectton  are  ertremely  Tmriabla 
They  depend  on  its  intensitj,  and  on  the  amount  of  rest  giyen  to  the 
limb  in  the  early  stage,  and  on  the  constitutional  state  of  the  patienk 
The  inflammation  may  be  trifling  in  degree,  causing  pain  on  move- 
ment  only,  which  may  pass  away  in  the  course  of  a  few  weeks.  On 
the  other  hand,  the  spontaneous  pain  may  be  so  continuous  and 
intense  that  sleep  can  be  obtained  only  by  tiie  help  of  narcotics,  and 
the  disease  may  continue  for  many  months,  and  eren  for  a  year.  In  most 
eases  that  last  more  than  a  year  there  is  partial  recoTory  and  relapse. 
Improvement  is  shown  first  by  the  subsidence  of  spontaneous  pain, 
followed  by  the  slow  diminution  of  the  pain  on  moyement,  and  then 
of  the  tenderness  of  the  nerre.  The  muscular  wasting,  which  occurs 
in  severe  cases,  may  last  long  after  the  active  stage  is  over ;  fibrillary 
contractions  in  the  muscles  that  have  been  affected  may  continue 
for  years,  and  are  often  accompanied  by  a  strong  tendency  to  cramp^ 
which  may  be  excited  by  voluntary  contraction.  Occasionally  a  secon- 
dary neuralgia  is  set  up,  which  may  be  very  enduring,  may  involve 
the  entire  length  of  the  nerve,  and  may  be  wide  in  distribution,  siz* 
tending  outside  the  sciatic  area. 

The  disease  is  prone  to  relapse,  and  still  more  prone  to  recur  after 
recovery.  A  second  attack  may  occur  in  the  same  or  in  the  other 
leg,  but  both  legs  are  scarcely  ever  affected  at  the  same  time.  At 
last,  however,  the  tendency  of  the  sheath  to  be  inflamed  seenu  te 
become  exhausted,  and  the  liabitity  to  cease. 

The  cases  of  secondary  scittica  depending  on  disease  outside  the 
nerve,  compressing  or  irritating  it,  differ,  in  some  respects,  from  the 
primary  form.  The  early  pain  is  felt  less  in  the  nerve-trunk  than  in 
its  distribution,  especially  when  the  nerve  suffers  first  by  pressure; 
interference  with  the  conducting  functions  is  more  conspicuous  in  the 
early  stage.  The  primary  form  may  be  afterwards  closely  simulated, 
because  secondary  inflammation  may  descend  the  nerve  and  induce 
the  same  tenderness  of  the  nerve-tnmk.  The  course  of  the  secondaiy 
cases  is  more  progressive,  but  it  depends  on  that  of  the  original 
disease. 

Camplicatiom  of  sciatica  are  rare,  but  one  or  two  deserve  mention. 
Cutaneous  eruptions,  usually  herpetic  in  character,  have  been  occa- 
sionally met  with.  These  may  heaJ  slowly,  but,  in  themselves,  they 
are  unimportant.  Sometimes  the  epidermis  exfoliates ;  oedema  of  the 
limb  occurs  in  rare  cases.  These  are,  however,  rather  effects  of  the 
neuritis  than  complications,  and  so  also  is  the  muscular  wasting  that 
is  occasionally  pronounced.  The  trophic  changes  in  the  skin  are  the 
'  expression  of  a  peculiarly  irritative  character  of  the  inflammation. 

Occasionally  the  symptoms  of  inflammation  of  one  sciatic  nerve  are 
attended  by  bilateral  symptoms,  especially  at  the  onsei»  such  as 
tingling  or  pains  in  the  feet  and  the  soles,  or  some  weakness  of  the  flexor 
muscles  of  both  ankles.  These  indicate  an  associated  poison ;  it  may 
be  alcohol  causing  its  own  peculiar  bilateral  peripheral  neuritis^  and 


PATHOLOOT.  129 

t&SBng  m  the  generataon  of  their  acute  gontj  effects  on  the  sciatic. 
Such  a  combi2iation  may  piuzle  the  obsenrer. 

A  rare  complication  is  a  tendency  of  the  mischief  to  ascend  the 
nenre.  Thus  symptoms  may  spread  from  the  region  of  the  sciatic 
to  that  of  the  lumbar  plexus ;  the  pain  may  spread  to  the  front  of 
the  thigh,  and  the  extensors  of  the  knee  may  become  flabby  and 
weak.  This  is  probably  due  to  the  passage  of  an  ascending  neuritis 
up  the  lumbo-sacral  cord.  In  extremely  rare  cases  the  morbid  pro- 
cess has  apparently  reached  the  spinal  cord,  and  indications  of  cord 
disease  (e.  g.  disordered  sensibility  in  the  soles)  haye  thus  succeeded 
those  of  a  primaiy  and  apparently  simple  sciatica.  There  may  even  be 
symptoms  of  lateral  sderosia  (excessive  knee-jerk,  rectus  clonus,  Ac), 
such  as  develop  in  some  cases  of  arthritis  and  other  conditions  of  pro- 
longed pain. 

The  wider  distribution  of  the  pain  and  other  symptoms,  when  a 
rheumatic  inflammation  is  extensiye  from  the  first,  may  have  the 
aspect  of  a  complication,  but  often  the  inyolvement  of  the  sciatic  does 
not  dominate  the  case,  which  is  then  rather  one  of  general  crural 
neuritis,  the  result  of  the  affection  of  the  fibrous  tissue  of  the  floor 
of  the  pelvis  where  numerous  nerves  arise.  The  position  of  some  of 
them  determines  the  frequency  with  which  they  suffer  specially,  but 
the  sLse  of  the  sciatic  nerve-mass  necessarily  causes  its  affection 
to  be  chiefly  conspicuous.  That  of  some  of  the  lowest  branches  of 
the  lumbar  plexus  also  determines  the  common  seats  of  the  effects 
of  extension  upwards. 

In  spreading  cases,  one  affect  of  extension  is  of  particular  import- 
ance— ^the  paralysis  of  the  bladder  that  may  result  from  extension 
to  its  nerves.  The  nearer  part  of  the  lumbar  plexus  is  often  then 
involved,  and  pain  is  felt  in  the  front  and  outer  part  of  the  thigh,  and 
even  in  the  groin  and  lower  part  of  the  abdomen.  The  vesical  nerves 
from  the  pelvic  plexuses  of  the  two  sides  are  near  together,  and  the  palsy 
of  the  bladder  is  often  complete,  and  of  long  duration,  outlasting,  it  may 
be,  all  other  symptoms.    Fortunately,  it  is  a  very  rare  complication. 

Pathologt.  —  The  evidence  of  pathological  changes  is  scanty. 
Bhenmatic  inflammation  of  the  nerve  is  scarcely  ever  met  with  in  its 
active  stage ;  the  diaoaso  is  not  one  which  is  even  attended  by  death 
from  other  causes,  and  the  morbid  changes  are  a  matter  of  inference. 
There  is,  indeed,  hardly  any  organic  disease  so  common  as  sciatica,  of 
which,  in  its  various  d^^rees,  opportunities  for  pathological  observa- 
tion are  so  few  and  so  meagre.  Signs  of  inflammation  have  been 
found,  chiefly  conspicuous  in  the  sheath  of  the  nerve,  and  invading 
the  interstitial  tissue  in  more  severe  and  prolonged  cases.  They 
axe  such  as  are  met  with  in  all  forms  of  perineuritis — swelling  and 
redness,  most  distinct  opposite  the  middle  of  the  thigh — ^thickening 
of  the  sheath,  invading  the  substance  of  the  nerve.  Microscopical 
changes  have  been  found,  similar  to  those  in  acute  neuritis  elsewhere,. 
m  the  rare  opportunities  for  observation  that  have  been  met  with. 
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The  existence  of  nenritifl  in  all  seyere  cases  admits  of  no  donbt; 
the  symptoms — wasting  of  the  muscles  and  anesthesia — vindicate 
structural  damage  to  the  nerve-fibres,  and  preclude  any  other  explana- 
tion. There  is  eveiy  gradation  between  these  severe  forms  and  those 
which  are  slight,  and  the  symptoms  in  the  latter  are  identical  with 
those  of  the  earlier  stage  of  the  severe  cases.  The  early  local  tender- 
ness proves  the  initial  affection  of  the  sheath  and  fibrous  tissue.  All 
cases  of  definite  persistence  and  prolonged  course  ai-e  inflammatory. 
Only  transient  pains  coming  and  going,  associated  with  neuralgia  else- 
where, can  be  regarded  as  of  neuralgic  character.  These  are  often 
the  sequel  to  a  true  neuritis,  or  are,  not  seldom,  the  manifestation  of 
a  tabetic  neuralgia,  the  pain  of  which  may  recur  during  years  in  a 
neuralgic  form,  and  even  be  influenced  in  its  incidence  by  change  in 
the  weather,  so  as  to  receive  a  rheiunatic  character. 

The  symptoms  are  explained  by  the  morbid  process,  and  the  facts  of 
neuritis  in  general,  already  described,  apply  to  this  disease  in  eyery 
point.  It  is  primarily  a  perineuritis ;  the  pain  m  the  nerve  and  its 
tenderness  are  due  to  irritation  of  the  sheath-nerves.  The  pain  re- 
ferred to  the  distal  portions  of  the  nerve  is  due  to  the  irritation  of  its 
conducting  fibres  by  the  interstitial  inflammation,  while  their  greater 
damage  explains  the  sensory  impairment  and  muscular  wasting. 

The  disease,  like  other  forms  of  irregular  neuritis,  is  not  one 
essentially  of  the  nervous  system.  It  is  a  local  effect  of  the  con- 
stitutional malady,  gout,  or  the  fibro-rheumatism  which  results  from 
the  inherited  diathesis,  and  each  seems  to  depend  on  the  presence  of 
chemical  toxines  in  the  blood,  generated  in  the  body  by  abnormal 
metabolic  processes.  TJric  acid  is  probably  only  one  of  these,  and  not 
the  most  harmful,  or  that  which  has  the  most  special  influence.  But 
the  nature  and  origin  of  these  is  still  one  of  the  most  obscure  as  it 
is  one  of  the  most  important  problems  of  patholc^,  and  we  most 
assume  that  it  acts  upon  tissues  disposed  to  degraded  nutrition  by 
the  influence  of  inherited  tendency. 

DiAONOSis. — ^The  distinction  between  a  sciatic  neuritis  and  a  sdatio 
neuralgia  is  sometimes  difficult,  although  less  frequently  than  might  be 
inferred  from  current  accounts  of  these  diseases,  in  which  the  history 
of  the  neuralgia  has  been  written  from  the  symptoms  of  the  neuritis. 
If  we  recognise  that  all  cases  of  sciatica  with  persistent  tenderness  of 
the  nerve  are  really  neuritic,  cases  of  sciatic  neuralgia  become  extremely 
rare.  The  two  diseases  occur  usually  under  different  conditions :  the 
subjects  of  neuralgia  have  often  suffered  from  neuralgia  elsewhere, 
and  are  generally  weakly  and  anssmic.  The  pain  is  from  the  first 
spontaneous  ;  it  occurs  as  part  of  more  exteneave  and  severe  attacks  ; 
posture  has  little  influence  upon  it ;  movement  is  not  itself  painful, 
although  it  may  excite  paroxysms  of  pain.  The  pain  is  referred  to  the 
branches  and  distribution  of  the  nerve  rather  than  to  its  trunk,  or  it 
darts  up  or  down  the  trunk ;  and  tenderness  of  the  nerve,  if  it  eixists, 
is  altogether  subordinate  to  the  spontaneous  pain. 
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Wlien  the  nerre  is  only  one  of  many  localities  in  which  the  pain  ia 
felt,  and  the  patient  is  an  adult,  the  possibility  of  its  tabetic  nature 
must  be  remembered.  This  is  practically  certain  if  the  knee-jerks 
are  assuredly  absent,  but  of  this  fact  there  must  be  no  question.  The 
"lightning "  character  of  the  pain  is  an  important  diagnostic  feature 
in  such  cases ;  although  the  presence  of  this  character  has  almost 
pathognomonic  significance,  pain  of  less  aouteness  and  brevity  is 
often  significant.  It  is  an  instance  in  which  a  certain  feature  has 
great  significance,  but  its  absence  is  of  relatively  small  value. 

Secondary  sciatica  is  usually  produced  by  disease  of  bone  about  the 
hip- joint,  or  of  the  joint  itsdf,  or  by  disease  in  the  pelvis.  In  the 
former  case  a  careful  examination  (never  to  be  omitted  in  any  case  of 
sciatica)  at  once  reveals  the  mischief.  When  the  disease  is  within  the 
pelvis,  and  is  not  primarily  connected  with  the  nerves  (as  the  pressure 
of  a  growth),  the  tenderness  of  the  trunk  of  the  nerve  is  slight  in  pro- 
portion to  the  pain  felt  in  its  distribution ;  this  circumstance  should 
always  lead  to  a  careful  search  for  any  indication  of  pelvic  mischief. 
Li  any  case  of  doubt,  or  of  prolonged  course  with  steady  increase  in 
the  symptoms,  a  rectal  exanunation  should  be  made. 

Sciatic  pain  occurs  in  some  diseases  of  the  bones  of  the  spine,  in 
lesiona  of  the  cauda  equina,  and  occasionally  in  disease  of  the  spinal 
cord  itself.  In  these  cases  we  have  little  or  no  tenderness  of  the 
nerve ;  the  pain  is  chiefly  peripheral,  and  very  often  bilateral.  Double 
true  sciatica  is  so  rare  that  bilateral  pain  should  always  suggest  disease 
of  the  nerve-roots ;  but  the  pain  in  these  cases  is  generally  irregular 
in  its  distribution,  and  considerable  in  other  nerve  areas  in  the  leg  or 
neighbourhood  of  the  hip,  and  is  often  increased  much  by  movement 
of  the  spine. 

These  cases  of  "secondary  sciatica*'  are  of  much  practical  import- 
ance, because  their  nature  is  usually  mistaken ;  for  a  long  time  the 
patient  is  thought  to  be  the  subject  of  the  ordinary  more  common 
form,  and  is  treated  accordingly,  even  when  the  character  of  the  pain 
should  ndse  a  suspicion  of  the  nature  of  the  case. 

pBoairosis. — ^The  prognosis  of  sciatica,  not  secondary  to  disease 
outside  the  nerve,  is  good  as  regards  ultimate  recovery,  but  is  very 
uncertain  as  regards  severity  and  duration.  As  a  general  rule,  these 
features  are  proportioned,  but  both  are  influenced  by  the  practicability 
of  adequate  rest.  Irritating  exertion  may  lengthen  the  duration  of  the 
disease  by  many  months,  and  indeed  relapse  may  follow  each  partial 
recovery  for  one  or  two  years.  Spontaneous  pain,  and  that  which  is 
referred  to  the  distribution  of  the  nerves,  make  the  prospect  less 
favourable. 

Tbr^tmskt. — ^The  principles  of  the  treatment  of  sciatica  are  those 
of  neuritis  already  described,  and  only  the  points  of  special  character 
need  be  here  repeated.  In  all  cr^es  rest  to  the  limb  is  important  beyond 
any  other  measure,  and  its  urgency  is  proportioned  to  the  aouteness 
and  severity  of  the  symptoms.    Many  slight  cases  are  converted  into 
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•evere  onas  by  unwise  exertion.  Every  posture  that  induces  pain,  and 
all  movements  which  increa^M  that  which  exists,  should  be  avoided. 
The  same  is  tnie  of  pressure  on  the  nerve  bj  a  hard  seat,  and  bj  strong 
contraction  of  the  flexors  cf  the  knee.  Fain  maj  be  thus  suddenly 
brought  on  in  severe  degree,  and  may  endure. 

In  more  positive  treatment  the  causes  of  the  disease  must  be 
remembered,  and,  among  these,  the  frequency  with  which  it  ia  related 
to  a  gouty  or  rheumatic  blood-state.  In  gouty  cases  saline  purgatives 
are  often  of  signal  service,  and  are  distinctly  useful  in  preventing 
attacks  in  those  who  are  liable.  In  the  acute  stage  of  a  severe  attack, 
hot  linseed-meal  poultices  should  be  applied  along  the  course  of  the 
nerve.  Counter-irritation  is  of  great  value,  and  cannot  be  employed 
too  early.  A  commencing  attack  may  often  be  cut  short  in  a  few  days 
by  rest,  and  a  series  of  mustard  plasters  or  small  blisters  applied  over 
the  seats  of  pain,  moved  as  this  changes  under  their  influence,  chasing 
it,  as  it  were,  from  one  spot  to  another,  until  it  disappears.  Internally, 
whenever  there  is  reason  to  believe  that  active  inflammation  exists, 
mercury  should  be  given — a  grain  of  blue  pill  twice  daily ;  nothing 
else  seems  distinctly  to  influence  the  process.  Salicylate  of  potash  or 
Uthia,  and  nitrous  ether,  should  also  be  given  at  the  onset — soda  salts 
being  avoided.  Spontaneous  pain  can  only  be  relieved  by  sedatives. 
Morphia  is  the  surest,  but  it  should  only  be  used  for  the  relief  of 
severe  spontaneous  pain.  Cocaine  often  proves  of  great  service,  if 
it  can  be  combined  with  rest,  and  injected  at  the  actual  source  of 
the  pain.  It  should  be  injected  pretty  deeply  at  this  place,  but 
not  into  the  nerve.  One  twelfth  of  a  grain  may  be  first  used, 
increased  rapidly  to  a  third  or  half  a  grain.  It  generally  relieves^ 
although  not  in  the  same  degree  as  morphia,  but  it  seems  to  have 
more  influence  in  promoting  the  subsidence  of  the  inflammation,  as 
described  in  the  account  of  neuritis,  apparently  because  it  has  a  mora 
distinct  influence  on  the  conduction  of  irritating  impulsea  along  the 
nerves.  Morphia,  although  equally  efEective  elsewhere,  may  also  be 
injected  with  advantage  over  the  inflamed  part  of  the  nerve,  so  as  to 
combine  the  counter-irritation  of  cutaneous  acupuncture  with  some 
local  as  well  as  general  sedative  influence.  Simple  acupuncture  along 
the  course  of  the  nerve  has  been  recommended:  it  gives  temporary 
relief  to  the  sciatic  pain,  as  to  any  superflcial  pain,  but  the  cases  are 
very  few  in  which  it  has  a  permanent  effect.  Sedative  or  counter- 
irritant  liniments  and  ointments  may  also  be  applied  along  the  course 
of  the  nerve ;  the  most  useful  are  belladonna  liniment  mixed  with  an 
equal  part  of  chloroform  liniment,  and  aconite  oiatment,  rubbed  in 
until  distinct  tingling  is  produced.  Electricity  is  chiefly  useful  in  the 
later  stages ;  its  method  of  use  has  been  described  in  the  account  of 
the  treatment  of  neuritis.  In  very  obstinate  cases,  nerve-stretching 
has  done  good;  sometimes,  perhaps,  by  releasing  the  nerve  from 
compressing  adhesions,  but  probably  more  often  by  effecting  an 
energetic  counter-irritation,  and  enforcing  a  beneficial  rest.    It  ham 
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tmmA  to  be  ihe  fasliioii  it  wm  a  few  years  ago,  proof  of  its  limited 
power.  Foroed  movement  of  the  joints,  followed  bj  rest,  has  been 
eometimes  employed.  In  severe  cases  absolute  rest  in  bed,  and,  if 
Pet^Mary,  the  application  of  a  splint  to  ensure  this,  has  been  recom- 
mended. Weir  Mitchell*  has  urged  the  use  of  a  long  splint,  reaching 
from  the  axilla,  j<Mnted,  so  that  the  hip  and  knee-joints  may  be  slightly 
▼tried  in  position,  and  the  oomlMnation  with  this  of  a  soft  flannel 
bandage  to  the  limb.  The  latter  should  be  reapplied  twice  daily,  from 
the  foot  to  the  groin,  to  lessen  the  amount  of  blood  in  the  limb.  If 
farther  measures  are  necessary,  the  application  of  the  Paquelin 
cautery  to  the  tender  points,  or  of  tin  splints  filled  with  ice  water, 
is  reoommended,  and  after  recovery  massage  with  plentiful  feeding. 

To  prevent  recurrence  the  causes  of  gout  should  be  carefully 
avoided,  and  any  signs  of  a  gouty  state  lessened  by  an  appropriate 
regimen.  Habitual  saline  aperients  are  very  important ;  the  *'  flush 
out "  clears  away  bile  that  would  be  reabsorbed,  and  the  result  is  the 
same  as  increased  secretion  from  the  liver.  Slight  pain,  threatening  a 
recurrence,  should  be  met  by  more  rest,  by  counter-irritation  with  sma- 
pisma,  and  the  careful  avoidance  of  sudden  movements,  and  indeed  ot 
all  exertion  that  causes  or  increases  pain.  If  this  is  considerable,  or 
the  ikenre  is  distinctly  tender,  complete  rest  for  a  day  or  two  may 
obviate  the  subsequent  need  for  weeks  of  rest.  If  there  is  the  saoro- 
lumbago  that  often  precedes  sciatica,  the  pain  produced  by  sudden 
movement  may  often  be  lessened  by  a  few  moments*  rubbing. 
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In  rare  cases,  "rheumatic"  inflammation  of  the  fibrous  tissue 
covering  the  lumbar  and  sacral  plexuses  is  so  extensive  that  many  or 
most  of  the  nerves  to  the  leg  are  involved,  in  consequence  of  the 
affection  of  their  coverings  at  their  origin.  .  That  of  the  sciatic  may 
preponderate,  as  already  mentioned  in  the  section  on  Diagnosis, 
where  the  general  characters  of  this  form  are  referred  to,  and  its 
secondaxy  origin  by  extension,  in  some  cases  of  primary  sciatic  neuritis. 
The  cases  in  which  the  affection  of  the  fibrous  membranes  is  extensive 
give  rise  to  such  wide-spread  symptoms,  pain  taking  the  course  of 
many  nerves  and  accompanied  by  the  tenderness  of  descending 
neuritis  and  impairment  of  movement,  often  chiefly  from  the  inhibitory 
tnfluenoe  of  the  pain  it  causes,  attended  by  moderate  muscular  wasting. 
There  is  usually  slight  increase  or  decrease  in  the  electric  irritability 
in  some  group  of  muscles,  with  increased  knee-jerk,  very  rarely  the 
reaction  of  degeneration  where  the  nerves  have  suffered  severely,  and 
then  the  knee-jerk  may  be  lost  if  these  are  the  extensors  of  the  knee. 
In  cases  of  general  crural  neuritis  the  extent  of  the  symptoms  causes 
them  to  simulate  such  as  are  caused  by  disease  of  the  spinal  cord, 

^  Wdr  Mitchell,  •  iDtsmational  Clinic,'  1891. 
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and  the  distinction  may  be  one  of  Teal  difficnltj.  But  it  OBuallj 
suffices  to  be  aware  of  its  occurrence  and  general  characters,  especiaUj 
the  moderate  degree  of  the  objective  symptoms,  and  the  existence  ol 
tenderness  of  some  nerve-trunks  near  the  pelvis.  The  diagnosis  is 
also  aided  by  the  fact  that  it  occurs  chiefly  in  those  who  present  a 
gouty  or  rheumatic  disposition,  acquired  or  inherited.  The  difficulty 
may  be  increased  by  the  occasional  presence  of  reflected  pain  on  the 
opposite  side,  distinguished,  however,  by  its  slighter  character,  and 
correspondence  in  seat  to  that  which  is  most  severe  on  the  side  chiefly 
affected.  The  course  of  these  cases  is  often  prolonged,  and  months 
may  pass  before  improvement  commences,  especially  when  the  under- 
lying constitutional  state  is  not  recognised,  the  treatment  of  which,  as 
in  sciatica,  is  of  primary  importance. 

Anterior  Crural  Neuritis, — Such  an  affection  of  the  fibrous  tissue 
may  be  limited  to  that  related  to  a  single  nerve,  or  some  other  branch 
of  the  sacral  or  lumbar  plexus  may  be  the  seat  of  a  neuritis  like  that 
which  underlies  sciatica.  The  anterior  crural,  or  a  branch,  suffers 
most  frequently,  with  resulting  symptoms  in  the  front  of  the  thigh, 
or  in  the  outer  part.  These  are  chiefly  sensory ;  motor  symptoms  aiB 
seldom  conspicuous  in  cases  so  limited  in  area. 

The  outer  part  of  the  thigh,  in  the  upper  two  thirds,  is  a  specially 
frequent  seat  of  pain  and  occasionally  of  diminished  sensibility. 
Anaesthesia  in  this  region  sometimes  develops  in  a  very  chronic  manner, 
without  pain,  as  an  isolated  but  curiously  enduring  symptom,  usually 
stationary  when  discovered,  and  apparently  the  result  of  a  limited 
neuritis  of  chronic  form.  It  seems  to  have  no  gi^^ii^ff^  upgnifj^^nft^ 
but  has  little  tendency  to  yield  to  treatment. 
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The  term  '' neuro-myositis "  is  perhaps  the  most  eonvenient  by 
which  to  designate  an  affection,  usually  confined  to  a  single  limb^ 
generally  the  arm,  in  which  symptoms  indicating  an  interstitial 
rheumatic  inflammation  of  the  muscles  are  the  leading  feature.  They 
become  tender,  but  the  especial  character  is  the  pain  caused  by  contrac- 
tion of  the  fibres,  t.  e.  by  the  stimulus  which,  normally,  generates 
afferent  impulses.  The  adjacent  fibrous  tissue  may  also  suffer,  and 
especially  that  about  the  joints,  while  the  condition  of  the  nerve  trunks 
may  be  such  as  to  give  rise  to  symptoms  like  those  of  simple  brachial 
neuritis ;  but  in  such  cases  the  affection  of  the  nerves  is  subordinate 
to  the  peculiar  state  of  the  muscles.  The  affection  has  thus  fairly 
well- defined  features  related  to  the  tissue  in  which  the  afferent 
impulses  originate,  and  these  are  common  to  all  cases,  however 
widely  the  rheumatic  affection  may  spread,  and  however  severe  the 
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additional  Bjmptoms  whicli  partake  of  the  chaaacteristics  of  other 
allied  diseases.  Hence  the  suitability  of  the  name  "  nenro-mjositis/* 
in  spite  of  some  limitation  of  meaning  which  this  use  implies.* 

The  affection  occurs  chieflj  in  patients  in  the  second  half  of  life, 
and  under  the  same  general  conditions  as  brachial  neuritis.  It  is, 
however,  met  with  mere  frequently  in  joung  persons,  sometimes  even 
in  children,  espedallj  as  a  troublesome  sequel  to  rheumatic  fever, 
limited  to  the  structures  and  muscles  of  the  hand.  More  often  it 
commences  in  the  neighbourhood  of  the  shoulder,  in  the  deltoid  and 
upper  arm  muscles,  and  passes  down  the  arm  to  become  more  severe 
in  the  hand  than  at  the  elbow.  Slight  changes  usually  occur  in  the 
articulation  of  the  shoulder,  but  more  troublesome  arthritic  adhesions 
form  in  the  finger- joints  and  at  the  wrist,  as  is  common  when  mus- 
cular pain  interferes  with  movements  in  rheumatic  persons.  This 
lasts  80  long  in  the  intrinsic  muscles  of  the  hand,  and  tissues  about 
the  tendons,  that  the  fixation  of  the  joints  becomes  permanent  before 
there  is  time  for  the  restoration  of  the  muscles,  and  some  oedema  in 
the  acute  stage  is  followed  by  the  characteristic  changes  in  the 
nutrition  of  the  skin,  peeling  of  the  epidermis  and  wasting  of  the 
subcutaneous  structures. 

But  the  affection  of  the  muscles  is  the  characteristic  feature.  The 
symptoms  clearly  indicate  a  rheumatic  interstitial  intlammation, 
affecting  the  tissue  in  which  the  afferent  nerves  begin,  and  the 
impulses  they  convey  originate,  perhaps,  in  the  mysterious  "  muscle- 
spindles."  La  this  tissue  the  impulses,  unfelt  in  health,  are  generated 
l^  tension  and  compression,  and  become  painful  in  some  conditions, 
as  after  cramp.  Then,  if  the  muscle  is  stretched  in  extension,  or 
the  interstitial  structures  are  compressed  by  muscular  contraction, 
considerable  pain  is  readily  produced.  Simple  muscular  rheumatism, 
transient,  such  as  the  common  form  of  lumbago,  seems  an  affection 
of  this  interstitial  tissue  too  slight  to  persist  as  permanent  inflam- 
mation. The  chief  feature  of  the  form  now  under  consideration 
is  the  production  of  pain  by  those  forms  of  stimulation  to  which 
the  nerve-endings  normally  respond  (see  p.  58),  compression  by 
voluntary  contraction,  and  the  passive  tension  in  the  antagonist. 
Pain  is  caused  also  in  the  structures  about  the  joints,  especially  in 
the  capsules,  when  the  limit  of  movement  is  reached  which  the 
state  of  the  various  structures  permits.  Even  passive  movement 
induces  a  sudden  contraction  of  the  muscles,  lartly  reflex,  partly 
volimtaiy,  which  causes  pain.    This  pain  spreads  widely  in  the  mus- 

*  It  hat  indeed  been  proposed  by  Senator  to  use  it  to  designate  finother  Hi«ease, 
tbe  rare  tcnte  fljmmetncal  myositis  (described  furtber  on),  whicb  is  like  multiple 
nenritis  in  toxic  cans:irion,  and  distal  bilateral  distribution  (*  I>eut.  med.  Wochen- 
■ehr.,'  1893).  The  term  has  not,  bowever,  come  into  use  for  tbis  Hffpction,  and 
■eema  not  needed  tor  it.  "  Acute  myositis  "  or  "  polymyositis/'  the  names  employed 
In  Qfrmany,  are  sufficiently  adequate  to  leave  to  ite  pn-sent  application  the  term 
•  uturo-myoaltis." 
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c\bb,  IM  those  adjacent  contract  to  stop  the  morement  to  which  the 
pain  seems  due,  and  it  is  produced  with  readiness  in  the  morUd 
state.  Hence  arises  the  characteristic  feature.  Muscular  contraction, 
the  great  cause  of  pain,  results  from  any  moYementi  actiTC  or  passive, 
and  the  patient  acquires  the  conviction  that  no  passive  uiovement  of 
the  limb  is  possible  without  the  production  of  pain  in  the  musclee. 
Such  pain  does  actuallj  occur  wlmever  an  attempt  is  made  to  move 
the  joints,  as  the  shoulder  and  elbow,  even  in  slight  degree,  or  the 
wrist-joint,  if  with  any  suddenness.  It  is  first  and  most  felt  not  in 
the  neighbourhood  of  the  joints,  but  in  the  muscles.  Afterwards 
some  may  be  felt  in  the  structures  about  the  joint.  On  close  and 
careful  observation  it  will  be  found  that  the  pain  is  related  much  more 
to  the  expectation  of  passive  movement  than  to  that  which  takes  place. 
Before  any  movement  is  produced,  the  muscles  contract  in  ord^  to 
control  and  restrict  the  source  of  expected  suffering.  The  pain 
coincides  with  this  contraction,  which  is  unconsciously  volitional  and 
reflex,  rather  than  really  Toluntary.  But  with  the  help  of  some 
patience  .and  perseverance  it  is  possible  to  get  the  limb  quite  passive, 
resting  without  effort  in  the  observer's  hands,  and  to  make  gentle 
slow  passive  movement  of  the  joints  without  the  occurrence  of  this 
inhibitory  contraction  of  the  muscles.  The  patient  is  often  astonished 
at  the  painless  movement  of  joints  when  he  thought  great  sufEering 
would  result  from  the  least  displacement  of  the  parts.  But  if  then 
a  more  sudden  movement  is  made,  and  the  alarm  and  perhaps  slight 
pain  cause  sudden  spasmodic  muscular  contraction,  the  pain  felt 
in  the  muscles  is  great.  There  is  usually  some  tenderness  on  sudden 
compression  of  the  muscular  substance,  and  this  may  be  considerable 
and  produced  with  some  readiness,  but  often  the  sensibility  to 
pressure  is  inconspicuous.  We  know,  from  the  state  left  by  common 
cramp,  how  easily  pain  is  produced  in  the  muscle  by  contraction; 
when  this  is  sudden  and  considerable  the  pain  may  be  shared  by 
the  nerves ;  as  already  stated,  those  of  the  brachial  plexus  above  the 
clavicle  and  in  the  axilla,  present  the  same  tenderness  as  is  met  with 
in  simple  brachial  neuritis,  although  in  slight  and  subordinate  degree, 
manifestly  from  the  inflammation  of  their  sheaths.  Other  structures 
suffer,  as  already  stated.  The  result  is  a  considerable  amount  of  fixa- 
tion of  the  limb  from  the  pain  which  is  produced  by  movement ;  this 
has  more  than  one  source,  and  it  may  be  difficult  at  first  to  discern 
that  from  which  the  chief  suffering  proceeds.  The  arthritic  changes 
within  the  joints  produce  adhesions  which,  with  the  alteration  in  the 
capsule,  fix  the  joint  in  an  abnormal  posture,  generally  that  which  falls 
short  of  complete  extension.  The  contraction  of  the  muscles  to  inhibit 
movement  tends  to  be  more  and  more  persistent  and  continuous,  and 
this  state  of  rigidity  is  prone  to  cause  some  shortening  of  their 
structures ;  nutritional  change  fixing  the  functional  states  assists  in 
producing  the  slight  deformity  and  fixed  posture  of  the  joints  that 
are  frequently  observed. 
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Tha  xnaladj  is  oommonlj  of  rerj  prolonged  duration,  developing 
inAdionslj  even  after  recovexy  from  an  initial,  more  acute  attack  of 
local  rheumatism,  eBpecially  when  slight  persistent  pain  on  moTe- 
ment  is  TOftintained  bj  the  neglect  of  needed  rest.  The  affection  is 
asuallj  nnsjnmietrical,  affecting  one  side  onlj,  after  the  fashion  of  these 
fheumatio  affectionB  of  the  fibrous  tissues,  of  sciatica,  or  of  brachial 
neuritis.  Neyertheless,  in  moderate  typical  form,  the  manner  in 
which  it  presents  itself  as  an  affection  of  the  interstitial  tissue  of  the 
muscles  and  their  neiTes  justifies  the  view  which  is  expressed  in  the 
designation  given  to  it ;  and  the  peculiar  implication  of  the  afferent 
muscle-nerves,  in  consequence  of  its  interstitial  localisation  in  the 
musdes,  justifies  its  inclusion  among  the  maladies  here  described. 

This  is  further  warranted  by  the  condition  which  commonly  results. 
The  duration  of  the  affection  and  the  changes  which  ensue  in  the  sub- 
stance of  the  muscles  and  the  tissue  about  the  joints,  and  the  fixation 
of  these  during  the  time  that  elapses  before  the  cessation  of  pain 
permits  freedom  of  movement,  by  that  time  mechanically  hindered, 
bring  the  cases  into  the  class  of  residual  consequences  of  nerve  lesions. 

The  resulting  interference  with  use  of  the  part  is  greater  than  is 
proportionate  to  the  amount  of  rheumatic  inflammation,  being  espe- 
cially great  when  much  sensitiveness  has  proceeded  from  the  long- 
eontinued  pain,  and  fear  of  its  induction  outlasts  the  danger  and 
exceeds  it  in  degree.  Some  chronic  neuralgic  pain  is  apt  to  remain, 
due  in  x>art  to  the  predisposition  to  neuralgia  which  most  patients  of 
this  class  possess. 

Another  curious  sequel  hinders  the  return  of  mobility  in  these  cases. 
Passive  movement  is  difficult  out  of  proportion  to  any  pain  produced, 
although  this  results  if  the  attempt  is  persevered  in  and  its  strength 
increased.  The  common  effect  is  a  peculiar  rigidity  of  the  limb,  such 
as  at  first  suggests  firm  adhesions  at  the  joints — an  impression  that 
may  be  easily  retained  if  the  examination  is  hasty.  Its  nature  is 
rendered  dear  by  sufficient  patience  and  close  observation;  passive 
movements  must  be  attempted  with  the  utmost  gentleness  and  slow- 
ness, and  the  attention  of  the  patient  turned  to  some  other  part  during 
thoir  course,  while  the  observation  of  the  examiner  remains  fixed. 

The  same  care  is  necessary  in  local  therapeutic  measures  if  these 
are  to  be  successful.  Gentle  upward  rubbing  to  the  muscles  should  be 
afterwards  combined  with  slow  passive  movement,  at  first  scarcely 
appreciable  in  degree,  and  continued  with  the  endeavour  to  keep 
behind  the  production  of  the  muscular  spasm.  This  will  often 
permit  good  to  be  effected  by  local  applications  of  heat,  dry  or 
moist,  liniments,  Ac.  The  internal  treatment  needed  is  such  as  is 
suitable  for  the  gouty  and  rheumatic  constitutional  state,  with  tonics 
whore  these  are  indicated,  and  is  of  the  same  general  character  as 
that  recommended  for  brachial  neuritis. 

Qaui  and  Bheumaiism  m  the  Causation  of  Nenritis.—lt  inty  seem  to  manj 
tbftt  the  ranee  of  influence  of  these  coustitutional  states  has  been  pashed  too 
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far  In  the  preceding  teeonnt  of  the  aifeotlone,  whieh  are  primarily  of  flbront  tienif^ 
and  only  of  the  nervous  system  by  reason  of  pruxiinity.  The  difficulty  may  ba 
increased  by  the  number  of  patients  who  present  no  adequate  personNl  or  hereditary 
evidence  of  luch  causal  disease  or  tendency.  But  it  ghonld  be  noted  that  the 
influence  of  gout,  including  ancestral  gout,  is  a  subject  on  which  the  young  practi- 
tioner starts  with  a  high  degree  of  soepticism  regarding  the  teaching  of  his  seniors. 
But  year  by  year  his  donbtn  bntome  fewer,  as  they  are  rublied  away,  or  remoTed 
more  sharply,  by  contact  with  'act. 

The  negntive  influence  of  the  ca^es  in  which  the  cause  cannot  he  traced,  or  only  in 
Might  degree,  should  be  carefully  weighed  before  the  result  is  placed  in  the  scale. 


MULTIPLE  NEURITIS. 


The  term  "multiple  neuritis,"  or  "polyneuritis,'*  is  applied  to  the 
condition  in  which  many  nerves  are  inflamed  simultaneously  or  in 
rapid  succession.  This  multiplicity  is  combined  with  bilateral  sym- 
metry, alike  in  its  seat  and  in  the  special  character  of  the  symptoms. 
These  constitute  its  most  obtrusiye  features.  If  only  a  few  nerves 
are  involved,  the  symmetry  becomes  a  more  salient  feature  than  the 
multiplicity.  The  symmetry  is  not  only  characteristic,  it  is  of  profound 
significance,  because  commonly  combined  with  a  third  feature,  the  fact 
that  the  affection  is  most  intense  at  the  extremities  of  the  nerves,  and 
lessens  progressively  towards  the  centre.  This  "  peripheral  **  symmetiy 
can  only  be  due  to  a  cause  circulating  in  the  blood  or  inherent  in  the 
vitality  of  the  nerves.  The  former  is  the  common  mechanism,  but 
some  influence  of  the  latter  is  indicated  by  this  seat, — ^farthest  from 
the  central  source  of  nutritional  energy,  where  the  resistance  to  morbid 
influences  is  least. 

On  account  of  the  seat  the  disease  has  also  been  termed  "peripheral 
neuritis/*  a  name  that  is  accurate  but  somewhat  confusing,  because 
it  has  been  used  to  distinguish  all  afEections  of  nerve-trunks  from 
central  diseases  causing  similar  symptoms,  especially  in  the  case  of 
the  cranial  nerves.    It  should  not  be  employed  in  this  sense. 

The  name  "  polyneuritis  *'  has  also  come  into  extensive  use,  and 
perhaps  will  more  readily  secure  association  with  another  important 
characteristic,  though  practically  identical  with  "  multiple  neuritis.'* 
The  microscope  shows  that  the  changes  are  almost  confined  to  the 
proper  tissue  of  the  nerve-fibre,  and  do  not  implicate  the  sheath  or 
interstitial  tissue,  as  a  rule,  even  when  acute.  This,  indeed,  we  might 
expect  from  the  special  limitation  in  the  fimction  deranged.  But  it 
affords  a  contrast  to  the  forms  of  neuritis  previously  described. 
These  may  be  multiple,  and  even,  very  rarely,  symmetrical,  as  when  both 
sciatic  nerves  are  inflamed.  But  the  symmetry  is  rough,  and  it  does 
not  extend  to  precision  in  the  function  disturbed,  and  soon  ceases  to 
be  distinct.     It  is  this  affection  of  the  true  nerve  tissue,  and  its  results^ 
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which  marks  the  sjmmetiy  of  the  form  tmder  oonsideration,  and  is 
absent  in  the  occasional  multiplidtj  of  the  inflammation  met  with 
nsnallf  in  single  nerves.  This  character,  of  absolute  ultimate  import- 
anoOp  is  more  likelj  to  become  attached  to  "  polyneuritis."  A  name 
IB  needed  which  embodies  also  the  idea  of  sjmmetiy. 

The  disooverj  that  certain  combinations  of  symptoms,  formerly 
thought  to  depend  on  disease  of  the  spinal  cord,  are  reslly  due  to 
disease  of  the  peripheral  nerves,  is  one  of  the  most  important  steps 
in  the  recent  advance  of  pathology.  It  has  profoundly  modified  many 
of  oar  conceptions,  and  has  opened  a  new  field  in  pathology,  the  culti- 
vation of  which  has  but  begun. 

The  occurrence  of  multiple  neuritis  was  first  demonstrated  by 
Bum^nil,  of  Bouen  (1864),  although  the  leprous  form  (which  difEers 
in  important  pomts)  had  been  previously  described  by  Yiichow. 
Todd  also  deserves  credit  for  a  correct  and  clear  perception  of  an 
affection  of  the  nerves  as  the  cause  of  lead  palsy  in  1854.*  Graves, 
indeed,  long  ago  suspected  that  many  cases  of  paralysis  were  due  to 
disease  of  the  nerves,  but  he  based  his  opinion  on  the  normal  aspect 
of  the  spinal  cord ;  and  in  most  of  the  cases  he  describes  it  is  probable 
that  modem  methods  of  examination  would  have  revealed  disease. 
Symptoms  so  peculiar  had  been  noted  from  time  to  time;  first* 
perhaps  (1822),  by  Dr  J.  Jackson,  of  Boston,  U.S.A.  They  were 
folly  described  by  Duchenne  in  1858.  Even  Dumenil's  observations 
attracted  little  notice,  and  it  was  not  until  fresh  facts  were  brought 
forward  by  Joffroy  (1879),  Leyden  (1880),  and  Grainger  Stewart 
(1881),  that  attention  was  generally  directed  to  the  sabject.  Since 
that  time  a  very  large  number  of  observations  have  been  published, 
and  the  wide  relations  of  the  morbid  process  are  now  perceived. 

Among  these  one  stands  out  conspicuously  The  forms  of  multiple 
neuritis  which  present  local  and  functional  symmetry  and  are  of 
parenchymatous  nature  must  be  ascribed  to  a  blood-state  having 
equal  access  to  all  parts,  but  a  special  action  on  those  that  suffer, 
or  do  so  most  readily,  owing  to  a  peculiar  and  constant  disposition 
inherent  in  those  structures  thus  to  be  affected.  The  cause  of  this 
affection  is  the  presence  in  the  blood  of  some  virus,  and  the  salient 
fact  is  that  the  toric  agent  is  usually  a  poison  of  chemical  nature,  a 
metal,  or  an  organic  chemical  material  often  resulting  from  the 
growth  of  organisms  in  or  out  of  the  body,  sometimes  apparently  from 
disordered  processes  of  digestion  or  excretion,  or  deranged  metabolism 
within  the  body,  varied  in  seat  and  nature.  To  such  a  poison  some 
nervc-fihres  are  specially  susceptible,  just  as  they  are  to  curara*  or  to 

•  The  firtt  ascription  of  a  form  of  paimlyait  to  thli  lesion  wm  by  Dr.  Todd,  in  the 
ease  of  l«ad  palny.  "  I  believe  that  the  mnsdes  and  nerres  are  earlj  affected,  and 
tiuifc  at  a  later  period  the  nerve-centres  beoome  implioated.  The  nervous  system  is 
thns  first  affected  at  tie  periphery,  in  the  nerves,  and,  the  poisoning  inflnenoe  con« 
tfnning,  tii«  contamination  gradnally  advanoet  towards  the  centre  "  ('CHn.  Leet/ 
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strfchnia,  or  to  atropia.  It  is  a  manifestation  eqtiaD j  of  a  peeuliarif^ 
in  the  acting  Tirns  and  in  the  structures  acted  on.  The  Tims  is  dearly 
one,  in  most  cases,  of  chemical  composition ;  and  it  maj  be  so  also  with 
the  chani^'es  in  structures  acted  on — under  the  influence  of  life  ineoii* 
ceivablj  minute  but  constant,  and  determining  the  dianges  which 
atteod  functional  action,  and  modifying  this  whffli  altered. 

Isolated  neuritis  maj  be  caused  in  part  bj  a  constitutional  or  blood 
state,  but  is  not  due  to  this  alone.  An  exciting  cause  is  in  opera- 
tion, which  acts  locallj  and  determines  the  position  of  the  affection. 
Hence,  as  we  haye  seen,  such  neuritis  is  rardj  multiple,  and  still 
more  rarelj  even  roughly  symmetrical,  while  these  features  are  ex- 
plained by  the  irregular  afEection  of  the  connectiye  titsas  instead  of 
an  impaired  nutrition  of  the  proper  neural  structures. 

This  distribution  holds  good  to  a  remarkable  extent  and  degree. 
When  the  symmetrical  polyneuritis  is  serere,  ev^i  to  death,  and  the 
nerre-structure  has  practically  disappeared,  by  destructire  change,  from 
the  distal  parts  of  certain  nerres,  the  interstitial  tissue  and  sheath 
show  only  a  trifling  increase  in  their  nuclei.  We  find  morbid  appear- 
ances  in  them  chiefly  in  extremely  acute  cases,  when  the  vessels  aie 
dilated  in  the  sheath  or  interstices ;  the  changes  due  to  oedema  are 
seen;  white  corpuscles  are  aggregated  outside  the  minute  vessels, 
and  even  extravasations  of  blood  occur  in  addition  to  rapid  destrue* 
tion  of  the  fibres  proper.  So,  on  the  other  hand,  a  veiy  intense 
interstitial  neuritis  may  involve  the  nerve- fibres  proper. 

There  are  also  cases  in  which  the  causes  of  the  two  forms  are  com* 
bined.  Alcoholism,  for  instance,  the  most  common  toxic  cause,  may 
be  due  to  influences  that  have  also  produced  gout,  and  then  isolated 
gouty  perineuritis  may  accompany  polyneuritis  of  parenchymatous 
nature  and  symmetrical  distribution.  In  one  instance  of  this  a  peri- 
neuritis of  one  external  popliteal  nerve,  causing  palsy  of  the  flexors 
of  one  ankle-joint,  Hmited  to  that  side,  was  followed,  after  some 
months  (its  cause  continuing),  by  a  gradual  loss  of  power  in  these 
muscles  on  both  sides,  with  the  reaction  of  degeneration  in  the 
muscles,  loss  of  the  knee-jerk,  pains,  and  sensory  changes.  Exposure 
to  cold,  again,  may  cause  a  "rheumatic"  perineuritis,  either  of  a 
single  nerve  or  of  a  few  nerves  irregularly  distributed,  and  it  may 
also  produce  a  blood-state  allied  to  that  of  acute  rheumatism,  and  a 
symmetrical  parenchymatous  polyneuritis  sometimes  most  severe. 
The  effective  poison  may  be  due  to  oi^nisms  in  the  blood,  especially 
those  of  specific  nature  that  cause  a  definite  disease,  as  diphtheria  or 
smallpox.  They  may  be  of  less  specific  character,  as  those  which 
enter  by  contaminated  wounds,  impure  puerperal  processes,  and  the 
like,  the  effects  of  which  may  be  severe  out  of  all  proportion  to  their 
apparent  cause,  from  a  special  suscoptibility  to  certain  agents.  We 
have  reason  to  ascribe  the  neuritis  to  chemical  agents  produced  by  the 
organisms,  but  they  seem  themselves  capable,  in  many  cases,  of  setting 
up  nem-itis  also,  interstitial  in  seat  and  more  irregular  in  dioU'ibution, 
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beridm  grring  rise  to  the  produet,  perhaps  a  chemieal  snbstanoe,  com- 
pftrable  to  alcohol,  capable  of  cauBing  a  parenchjniatoua  neuritis. 
The  two  fonns  may  then  be  conjoined  in  a  puzzling  manner,  varying 
in  relatiTe  amoont  in  difCerent  cases.  It  is  probably  thns  that  the 
Idnns  of  diffuse  or  total  neuritis  are  produced*  occasionally  met  with 
in  diphtheritic  paralysis.    We  have  here  a  field  still  to  be  investigated. 

Not  less  important  and  mysterious  are  the  distinct  indications  that 
symmetrical  neuritis  results  from  toxines  developed  within  the  body 
&om  the  effects  of  other  chronic  diseases.  Diabetes  is  one  of  these, 
but  the  poisonous  agent  is  not  the  sugar  in  the  blood,  for  the  palsy 
occurs  when  there  is  but  a  very  small  amount  in  the  urine.  One  de- 
ranged chemical  process  involves  others,  which  ^ary  in  different  persons, 
and  minute  chemical  variations  may  determine  profound  differences 
in  effect,  ranging  from  the  innocuous  to  the  toxic.  In  advanced 
organic  kidney  disease  also  signs  of  polyneuritis  may  appear — ^pains  in 
the  legs,  loss  of  the  knee-jerk,  paralysis  of  the  muscles,  tingling  of  the 
skin,  ansBsthesia.  Poisons  capable  of  producing  the  condition,  but  of 
unknown  nature,  seem  sometimes  to  be  taken  in  from  the  outside, 
although  we  know  not  how,  for  cases  of  characteristic  features  occur 
when  the  most  exhaustive  search  fails  to  discover  a  known  cause. 

Lastly,  symptoms  of  this  state,  moderate  in  degree — ^weakness  at 
the  ankle,  loss  of  the  knee-jerk,  subjective  sensations,  or  definitely 
defective  sensibility  below  the  knees, — sometimes  come  on  gradually 
in  the  old«  without  other  cause  than  the  influence  of  advancing  years. 
The  symptoms  seem  not  to  be  progressive,  and  become  less  noticed 
when  they  are  slight,  although  they  are  sometimes  maintained  by 
attention  in  a  troublesome  degree.  They  are  apparently  due  to  a 
degenerative  tendency  due  to  age,  and  are  signs  of  a  senile  form.  We 
must  assume  that  the  nerves  which  suffer  most  in  this  disease  possess 
Isss  power  than  others  of  resisting  morbid  agencies,  and  that  their 
eapamty  for  vital  endurance  varies  in  different  individuals,  to  under- 
stand the  occurrence  of  the  malady  in  those  who  suffer,  and  the 
greater  readiness  with  which  it  is  caused  in  some  by  a  small  quantity 
of  the  poison.  Indeed,  we  are  confronted  at  the  outset  by  a  fact 
which  involves  such  a  difference  inherent  in  the  two  sexes.  The  most 
common  cause,  alcohol,  gives  rise  to  polyneuritis  far  more  frequently 
in  women  than  in  men.  Half  a  dozen  cases  will  be  met  with  in  females 
before  one  is  seen  in  a  man.  An  excessive  degree  of  such  a  disposi- 
tion to  degenerate  would  necessarily  involve  an  earlier  manifestation 
of  the  imperfect  nutrition  which  is  the  normal  termination  of  life. 

The  discernment  of  this  symmetrical  derangement  of  function,  of 
its  dependence  on  the  nerves,  and  the  action  on  them  of  morbid 
agents  conveyed  by  the  blood,  has  enlarged  our  pathological  concep- 
tion bj  revealing  the  nature  of  cases  previously  misconceived,  because 
absolutelj  not  common,  and  differing  too  widely  in  those  features  that 
would  be  put  together  for  their  nature  to  be  readily  recognised. 
Indeed,  their  recognition  is  probably  one  of  the  results  of  the  per. 
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oeption  of  how  much  is  meant  by  the  disappearance  of  the  knee-jerk, 
and  the  need  to  observe  minutely  and  compare  carefully  all  cases  in 
which  it  disappears.  This  was  at  least  one  cause  for  the  appreciation 
of  the  significance  of  the  isolated  palsy  of  the  flexors  of  the  ankle 
coinciding  with  such  loss  as  it  was  foimd  to  do,  and  the  more  careful 
study  of  such  cases  to  which  the  observation  led. 

But  the  discovery  of  the  relation  of  the  affection  of  the  nerves  to 
alcohol,  which  swiftly  followed  the  perception  of  its  peculiar  features 
and  the  character  of  their  cause,  has  had  effects  of  even  greater  import- 
ance, and  an  influence  on  our  discernment  still  far  from  exhausted. 
Alcohol  is  a  purely  chemical  agent.  Various  metallic  poisons,  acting 
in  minute  amount  and  slowly,  were  also  found  to  have  similar  effects, 
while  in  other  cases  the  toxines  seemed  to  be  also  organic  chemical 
substances.  This  was  also  supplemented  by  the  discovery  that  de- 
rangement of  the  nervous  system  such  as  occurs  in  tetanus  was 
due  to  substances  of  similar  nature,  resembling  strychnia  in  effect  (a 
Tegetable  alkaloid),  and  yet  generated  by  organisms  in  the  system; 
that  the  cause  of  diphtheritic  palsy  was  also  a  chemical  substance, 
a  modified  albimiinose;  and  that  a  similar  agency  is  the  cause  of 
the  polyneuritis  which  may  follow  other  acute  specific  diseases.  A 
wide,  unstudied  field  of  chemical  pathology  has  thus  been  opened,  on 
which  multiple  neuritis  will  find  a  place,  and  clearly  included  therein 
are  the  forms  which  result  from  disordered  processes  within  the  body 
in  the  subjects  of  gout,  exposure  to  cold,  and  the  like.  Chemical 
change  in  the  nerve-tissue  attends  all  its  functions,  and  by  their 
activity  the  renewal  of  elements  is  increased.  Its  character  depends 
on  the  composition  of  the  plasma  bathing  them,  and  containing  the 
molecules  to  replace  those  broken  up  in  function.  A  slight  difference 
in  the  constitution  of  the  replacing  molecules  seems  merely  to  derange 
the  process  at  first,  and  a  trifling  alteration  in  function  is  the  onJy 
result,  such  as  subjective  tingling  when  the  sensory  nerves  suffer 
chiefly,  or  lessened  perception  of  tiie  most  gentle  stimuli.  The  per- 
sistence of  the  process  leads  to  graver  change  in  molecular  composi- 
tion and  more  serious  effects,  and  at  last  the  change  amounts  to  an 
alteration  which  may  abolish  function  and  be  visible  under  the 
microscope.  Such,  for  example,  is  the  effect  of  arsenic;  typical 
polyneuritis  results  from  the  constant  presence  of  a  definite  quantity 
in  the  blood.  Arsenic  has  chemical  correspondences  with  phosphorus, 
as  well  as  differences,  which  enable  us  to  understand  its  assimilation 
by  the  nerves,  and  also  the  gradual  changes  that  result,  molecular  at 
first,  but  at  last  structural.  The  afiinity  for  certain  parts  of  the 
nervous  system  presented  by  different  substances  enable  us  also  to 
understand  that  acute  arsenical  poisoning  may  be  followed  by  a 
similar  chronic  neuritis  of  bilateral  and  peripheral  distribution,  and 
both  motor  and  sensory  symptoms,  while  very  chronic  poisoning 
causes  more  various  effects,  apparently  determined  by  dose  and  the 
combinations  which  the  state  of  the  system  causes  it  to  form,  and  in 
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which  it  18  presented  to  the  nerres.  The  speciaUaation  of  the  sensoiy 
lymptoms  is  remarkable  in  ijbs  Yariations  from  all  causes ;  one  form  of 
sensation  maj  alone  be  disturbed.  Always,  however,  the  form  is  the 
same,  and  the  seat  is  the  same  on  each  side ;  and  this  feature,  whether 
the  disturbance  is  trifling  or  graye,  shoidd  arouse  a  suspicion  that  we 
have  to  do  with  the  action  on  the  nerres  of  a  toxic  agent  in  the  blood. 
The  importance  of  this  indication  cannot  be  insisted  on  too  often  or  too 
strongly.  It  will  often  save  from  serious  error,  from  loss  of  precious 
time,  and  the  patient  from  much  suffering  and  prolonged  disability. 

in  both  acute  and  chronic  forms  the  influence  of  the  toxic  agent  may 
be  exerted  on  the  central  organs  as  well  as  on  the  peripheral  nerves, 
not  only  so  as  to  give  rise  to  more  or  less  diffuse  inflammation,  but 
limited  degeneration  of  tracts  of  fibres,  as  of  the  posterior  columns  or 
the  pyramidal  tracts.  The  frequent  relation  of  the  former  to  a  toxine 
is  well  known,  and  degeneration  of  the  lateral  tracts  is  known  some- 
times to  begin  at  the  extremities  of  the  fibres  in  a  way  analogous  to 
that  of  the  peripheral  nerves.  It  is  not,  therefore,  surprising  to  find 
central  symptoms  combined  with  those  of  neuritis  in  various  forms, 
and  the  resulting  effects  may  present  characters  of  a  puzzling  aspect. 
Such  wider  distribution  must  be  ascribed  to  the  predisposition  of  the 
subject  and  the  character  of  the  active  agent.  It  is  indeed  surprising 
thikt  the  effects  of  this  one,  so  frequently  limited  as  they  seem  to  be, 
and  the  common  restriction  of  their  incidence,  are  significant  of  a 
definite  uniform  difference  in  the  chemical  relations  of  the  nerve- 
stnictoies,  no  doubt  with  an  absolute  relation  to  function  under 
normal  conditions  as  well  as  to  disease.  Indeed,  the  physiological 
importance  of  the  facts  of  toxic  neuritis  are  most  distinct.  They  sug. 
gest  that  chemical  processes  have  a  larger  share  in  determining  those 
of  vital  function  than  has  been  thought,  and  that  their  range  may  be 
found  more  extensive  and  important  than  was  previously  suspected. 

An  important  question  has  been  raised  by  the  discoveiy  that  the 
central  structures  often  suffer  in  cases  of  peripheral  polyneuritis,  and 
that  some  toxic  agents  seem  to  act  also  on  the  nerve-ceOl,  the  central 
element  of  the  neuron,  as  well  as  on  the  peripheral  structures.  But 
the  facts  are  still  too  scanty  to  be  of  use,  and  will  be  referred  to 
again  in  the  section  on  pathology. 

It  is  to  the  pathology  of  the  disease  that  we  must  look  for  its 
effective  subdivision,  but  our  knowledge  of  the  subject  is  still  imper- 
fect. The  causes  of  polyneuritis,  numerous  and  various  as  they  are, 
still  furnish  the  best  ground  for  a  practical  classification  of  the  forms 
of  the  disease  such  as  will  assist  us  in  recognising  them  and  in 
treating  them. 

Symmetrical  regularity  means  a  blood-state  acting  alone ;  irregular 
multiplicity  generally  means  a  constitutional  state  combined  with  local 
determining  causes.  When  very  few  nerves  are  affected  irregularly, 
the  gcucral  influence  sinks  to  the  level  of  a  predisposition,  and  this  is 
not  iilwa/8  to  be  recognised  when  a  single  nerve  is  affected. 
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The  aootenaM  or  downess  of  the  onset  has  also  been  made  a  ground 
of  distinction,  but  the  symptoms  Tarj  much  in  aspect  and  grouping 
according  fco  their  intensity.  The  more  chronic  the  process  the  man 
perfect  is  the  limitation  of  the  process  and  of  its  effects  on  function. 
In  the  most  chronic  form  the  process  in  the  nerve-elements  resembles 
a  pure  degeneration,  and  hence  has  been  termed  '' degeneratiTe 
neuritis."  From  most  causes  we  meet  with  cases  both  acute  and 
chroniCy  according  to  the  intensity  of  the  toxic  agent.' 

No  arrangement  can  be  free  from  anomalies  until  we  know  more  of 
the  causes  and  of  the  mechanism  by  which  the  varieties  are  produced ; 
but  provisionally,  therefore,  that  we  may  survey  their  relationship,  the 
cases  may  be  placed  in  the  following  groups. 

It  will  be  instructive  to  survey  them  first  generally;  some  will 
need  afterwards  more  special  consideration. 

L  Toxic  :  dne  to  the  presence  in  the  blood  of  a  known  poison,  a  sabetanoe 
commonly  to  described  ;  of  sncb  the  simplest  is— 

(a)  Metallio:  lead,  silver,  Ae. 

(6)  Non-fMialUo^  as  alcohol— the  most  frequent  cause.    Other  or- 
ganic  substanees,    formed  ontside  the  body,  comparatively 
simple  and  well  known,  act  in  a  similar  manner. 
II   Toxamo:  dne  to  some  virus  in  the  blood,  the  precise  nature  of  which  is 
unknown,  but  which  is  apparently  a  chemical  substance  formed  within 
the  body.    It  may  be— 

(a)  Fathogenetie,  the  consequence  of  a  specific  disease,  probably  due 
to  the  growth  within  the  body  of  the  organisms  of  the 
disease,  as  poisons  oausino^  symptoms  of  another  class  are  dn« 
to  the  organisms  of  tetanus.  Hence  the  polyneuritis  which 
may  succeed  the  acute  specific  fevers.  A  poison  having  similar 
effects  results  from  the  organisms  of  septicsmia  in  its  varied 
forms,  traumatic  and  other,  causing  most  of  the  eases  of  puer. 
peral  neuritis. 

(h)  Metabolic. — A  derangement  of  the  chemical  processes  of  the  body 
may  give  rise  to  a  toxine  capable  of  acting  on  the  nerves.  It 
may  be  the  only  product  of  the  derani^ement  that  manifests  its 
presence  by  symptoms,  but  other  abnormal  snbstances  ai« 
formed  which  can  be  readily  detected,  or  give  rise  to  other 
obtrusive  symptoms.  Thus  peripheral  neuritis  occurs  in 
diabetes,  not  from  the  excess  of  sugar  in  the  blood,  but 
from  some  other  chemical  substanoe  the  nature  of  which  is  not 
yet  known.  We  cannot  have  a  disorder  of  the  chemical  pro- 
cesses that  causes  an  excels  of  one  substance  without  other 
materials  being  produced  abnormal  in  their  nature  or  in  their 
amount.  There  may  be  known  the  characteristics  of  some 
malady,  of  "which  the  neuritis  is  an  apparent  consequence;  or 
they  may  be  inconspicuous,  causing  no  distinct  effects,  and  the 
neuritis  develops  as  the  only  consequence  of  the  causal  derange- 
ment. These  foims  may  be  termed  secondary  and  primary 
metabolic  neuritis,  according  as  other  abnormal  products  mani. 
fost  their  presence  or  are  latent,  but  there  is  evidently  no 
essential  difference  between  the  two  classes. 
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{0)  Ek€umatie.-^An  important  variety  of  tbia  class  is  that  in  which  » 
toKine,  teemiDgly  of  corresponding  nature,  results  from  an 
txtemal  influence,  snoh  as  exposure  to  cold.*  Rheumatic  polj- 
uraritis  is  a  special  form,  and  jet  ^eems  to  he  a  metabolic  form 
•cutely  excited  bj  a  process  the  occurrence  of  which  we  f*an 
see,  but  cannot  understand.  It  varies  much  in  its  intennity, 
and  in  the  severity  and  character  of  the  attendant  catarrhal  or 
rhenmatio  symptom*.  They  may  amount  to  those  of  actual 
•ooompanying  disease,  which  may  assume  predominant  inten- 
sity and  bear  the  aspect  of  a  primary  affection  to  which  tlie 
neuritis  seems  to  be  secondary,  and  a  conttequence  i*ather  than 
A  mere  concomitant.  But  itK  cause  is  evidently  the  presence 
of  an  agent  in  the  blood  capable  of  deranging  acutely  the 
Botrition  of  the  nerves  in  ft  manner  more  or  less  grave  and 
enduring.  The  morbid  sgent  thus  generated  must  be  pro- 
duced by  a  disordered  action  occurring  under  the  influence  of 
the  exposure,  but  in  consequence  of  a  pre-eziHting  state  of  the 
system,  which  we  can  best  conceive  as  the  presence  in  it 
cf  some  morbid  state,  most  probably  of  the  nature  of  a 
chemical  material,  abnormal  in  character,  although  perhaps 
differing  but  little  from  those  that  are  normally  present.  It 
may  be  more  closely  allied  to  such  products,  although  we  con- 
eeive  it  most  readily  as  analogous  to  a  simple  poison. 

(el)  SepUemmie. — From  such  cases  we  pass  to  others  in  which  the 
cause  seems  to  be  more  special  in  nature,  and  in  which  the 
resulting  disorder  of  the  peripheral  nei*ves  is  part  of  the 
geneml  disturbance  of  septicsmia.  Septicemic  polyneuritis 
eonstitutes  an  important  variety,  frequent  and  often  most 
grave.  Its  causes  are  numerous,  but  present  two  important 
Tariations  in  nature;  the  cause  may  be  an  injury  or  operation, 
or  it  may  be  of  entirely  internal  nature.  An  infective  process 
is  the  source  of  an  organ ismal  mechanism  in  many  cases  of 
this  class.  To  it  belong  most,  perhaps  all  instances  of  puer- 
peral polyneuritis,  an  important  group,  which  vary  in  nature, 
however,  so  as  to  make  their  precise  clsssification  very  difficult. 
They  present  the  common  symptoms  in  charaotenstio  and 
usually  in  acute  form,  bat  these  may  begin  before  or  after 
delivery  in  association  with  other  symptoms  of  blood-poisoning 
although  they  predominate  in  the  cases  that  can  properly  be 
placed  in  this  category.  But  variations  in  course  are  some- 
times conspicuous,  and  cases  are  seen  which  present  no  evidence 
of  distinct  causation.  Without  doubt,  however,  the  majority 
are  due  to  some  form  of  septicamio  process,  and  this  is  true 
when  other  signs  of  it  are  inoonspiouoos.  Puerperal  poly- 
Bearitis  is  septicsmic  as  an  almost  invariable  rule.  Rare 
eases  are  met  with,  however,  in  which  the  symptoms  of  neuritis 
develop  insidiously,  and  it  may  be  some  time  before  delivery, 
in  a  manner  that  increases  their  mystery,  while  this  is  further 
augmented  by  the  termination  of  these  cases  in  recovery. 


*  See  Boss  and  Judson  Burj's  *  Treatise  on  Peripheral  Neuritis.' 
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QI.  Oboakismal;  of  similar  character,  indeed,  are  the  eases  of  the  disorden 
that  rotiRiRt  in  an  inflarnniation  of  the  peripheral  nerves,  although  its 
canKe  Kpenif*  to  he  the  product  of  the  growth  of  organisms  outside  or 
inside  the  sjtttem.  This  view  is  the  hest  we  can  take  of  the  pathology 
of  snoh  a  digeaMe  as  heri-beri.  Even  in  the  case  of  leprosy,  in  which 
there  is  proof  of  the  presence  of  organisms  as  the  material  agents  of  the 
affection,  we  have  also  strong  reason  to  regard  the  symptoms  as  largely 
the  rexiilt  of  the  influence  on  the  nerve-stmctures  of  a  chemical  agent 
or  agents  which  are  produced  by  these  in  their  growth.  The  indirect 
evidence  of  the  chemical  nature  of  the  tozine  which  acts  on  the  nerve- 
fibres,  and  of  its  organismal  source,  becomes  very  strong  when  the 
known  fact8  ai-e  compared  with  the  proofs  we  have  that  such  an  agent, 
so  produced,  is  that  which  gives  rise  to  the  symptoms  of  tetanus  by 
netting  up  a  process  of  local  inflammation,  and  note  that  in  eaoh  inatanoe 
there  is  a  selective  action  upon  certain  structures. 

lY.  Idiopathic  Polvnecsitis,  we  may  term  the  variety  in  which  no  ex- 
ternal influence  acts  on  the  nerve-fibres;  their  nutrition  faila  spon- 
taneously. We  have  this  condition  best  marked  in  the  importuit 
variety  in  which  the  Bjmptoms  of  sensory  neuritis  come  on  in  late  life, 
in  consequence  of  an  imperfection  in  the  endurance  of  the  nutrition  of 
the  nerve- flbres.  This  seems  to  depend  upon  a  general  constitutional 
imperfection  which  nianifeutp  itself  in  this  particular  direction  for  some 
reason,  the  nature  and  precise  cause  of  which  we  cannot  discern.  In 
other  cases  we  may  not  have  the  same  special  effect.  It  is  manifested 
by  the  sensory  more  than  by  the  motor  nerves,  and  chiefly  as  irritative 
disturbance  of  function. 

We  do  not  usually  meet  with  this  idiopathic  degeneration  except  as  a 
senile  condil  ion.  It  is  true  that  it  may  occnr  as  a  condition  that  is  not 
infrequent  altliou^^h  we  fail  to  recognise  ity  and  we  must  regard  some 
degree  of  disposition  as  underlying  the  occun-ence  of  the  morbid  state  in 
the  majority  of  instances  in  which  it  occurs.  Yet  the  fact  that  some 
adequate  causal  influence  is  to  be  traced  so  frequently  as  facts  show  it  to 
be,  reduces  to  small  limits  any  disposition  to  an  idiopathic  failure  of 
nutrition  such  as  has  been  supposed  to  constitute  the  morbid  state  in 
this  form,  and  makes  it  improbable  that  it  plays  any  oonaiderable  part 
in  the  general  production  of  the  symptom* 

Some  of  these  causal  varieties  need  more  detailed  oonsideratioiL 
The  simple  toxic  forms,  of  which  that  due  to  alcohol  is  the  most 
characteristic,  present  the  most  typical  manifestation  of  the  disorder, 
and  afEord  the  ground  for  its  description. 

We  must  separate  from  these  cases  of  symmetrical  bilateral  neuritis 
those  in  which  there  is  an  irregular  aflection  of  many  nerves. 

Syphilitir,  nevriiii  is  an  affection  of  single  nerves,  but  several  may 
<;Lan('e  to  suffer  in  the  same  limb.  It  is  a  result  of  the  direct  action  of 
the  ur^Muisms  on  the  adventitial  tissues.  True  acute  multiple  neuritia 
has  been  thoiii^ht  to  be  directly  syphilitic  in  some  cases.  It  would  be 
due  to  an  early  secondary  toxine  produced  by  the  organisms.  The 
evidence  of  it  is  inconclusive.  A  late  polyneuritis  must  be  regarded  aa 
the  lesion  of  tabes,  and  this  is  sometimes  met  with  in  an  acute  form* 
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•nggesting  tiiata  tozhie  nlay  be^  produced^  at  am  earlj  c^fagci  of  ilifl) 
difieaae,  capable  int  aotmg  on  ihenenres  and  eatraing  polyneuritbi 
The  eabject  is  oonndered  in  the  section  on  Locomotor  Ataxy,  but  it 
b  important  to  mention  it  here,  because  ^s  disease  pied^nti  an* 
example  of  central  and  peripheral  ledons  dne  to  the  same  causey  and 
beoaoee  an  affection  of  the  sensory  nei^es  almost  identical  in  dis- 
tribution and  nature*  and  giring  riise  to  similar  effects,  is  sometimes 
the  Gonsequenoe  of  alcohol,  and  oooaaionally  also  of  other  agents/  aa 
arsenic.^ 

Tubercular  polfneurttU  is  a  form  regarding  which  we  have  still 
much  to  learn.  It  has  occasionally  developed  in  the  course  of  phthisis^ 
and  has  been  found  to  be  of  the  purely  parenchymatous  or  degene- 
ratxre  Tariety.  Severe  cases,  with  characteristio  motor  and  sensoxj' 
BTmptoms,  in  which  other  causes,  such  as  alcohol,  can  be  excluded,  ara 
rare,  but  their  occorrenioe  is  well  establishedifand  they  seem  to  justify^ 
the  oondusion  that  the  tuberde  bacillus  is  capable  of  producing  a 
poison  having  a  speotflc  action  on  the  nerves— a  meehanism  also  indi- 
eated  by  the  fact  that  the  bacilli  themselves  cani^  be  found  in  the>' 
affected  structures.  It  is  said  that  similar  slighter  neuritis  is  frequentlyi 
to  be  found  after  death  in  cases  of  phthisis,  and  probably  produossr 
symptoms  that  are  overiooked  in  tiie  general  prostration  of  the  later 
stages  of  the  disease.  Some  severe  cases  recorded  as  tubercular  are,: 
however,  not  free  from 'the  suspicion  that  alcohol  was  in  part  or  wholly^ 
the  eanse  of  the  neuritis.  There  is,  moreover,  another  relation  between) 
multiple  neuritis  and  phthisis;  the  latter  often  develops  in  the  course 
of  alooholio  neoritis,  imd  is  a  frequent  cause  of  death; 

€hmi  gives  rise  to  interstitial  neuritis  and'  perineuritis,  usually 
isolated,  but  sometimes  multiple  and  then  irregular  in  distribution. 
Yet  chrome  alcoholism  occasionally  ooinddes  with  the  gouty  state,  and 
aiaj  caose  a  combination  of  the  symmetrical  toxio  fotm  of  typioal 
cbaincter,  and  an  isolated  neuritis,  such  as  inflammation  of  the  sciatio 
nerve— a  combination  which  may  puszle  unless  this  origin  of  it  is^ 
seeognised. 

Most  A&uie  Specific  Bieeaeee  have  be^n  followed  by  neuritis,  some 
mofle  frequently  than  others,  espedslly  diphtheria^  variola,  measles,: 
typhus  and  typhoid  fevers ;  and  influenza  has  had  this  sequel  witii 
notable  frequency  during  the  epidemic  of  the  last  five  years.  The 
interval  that  usually  elapses  betwe«i  the  acute  disease  and  the  neuritis' 
gives  strong  support  to  the  pathology  of  the  disease  above  described. 
The  occurrence  of  the  neuritis  does  not  seem  to  be  related  to  thef 
sererily  of  the  primary  disease,  but  rather  to  some  peculiarity  in  the 
special  organisms,  such  as  so  often  determines  peculiar  features  in  an 

•  Dunlofi  ('N0ar.  Cent,'  1883,  p.  682)  directs  attention  to  »  fact,  etpedaUy^ 
(Dtttte«l  npon  by  Leyden,  Ooweri,  and  othon^  that  gonorrhoea  may  glTO  Hm  to, 
Dorbid  conditloni  oif  the  nerrooa  tyttem*  and  mentiona  etpeoiaUy  neorftU  and 
myelitia. 

t  See  Oppenbmm, « Zeitwbor.  Mdii».  Med./ 1886,  ^  Saa 
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epidemic*  This  feature  ia  csonBpicuouii  in  all  the  aeute^  apedfie  ( 
In  one  case,  which  developed  sis  weeks  after  varioloid,  with  pains  in 
the  limbs,  atrophy  of  the  arms  and  legs,  &e.«  the  purely  neuritic  nature 
of  the  morbid  process  was  ascertained  six  months  later,  when  the 
patient  died  from  pneumonia.  But  the  mechanifion  is  apparently  moze 
complete  in  some  maladies.  In  diphtheiia  a  poiscm  is  produeed  which 
has  a  more  extensive  action  on  the  nenre^structures.  This  is  described 
in  more  detail  in  the  second  volume.  In  this  disease,  moreover,  the 
acute  stage  is  attended  by  an  acute  inflammation  of  all  the  elements  of 
the  nerve-structures,  and  not  merely  of  the  functional  parts — a  more 
intense  morbid  agent  being  apparently  active.  Mfl.la.ria.1  neuritis  seems 
to  occupy  a  position  intermediate  between  the  secondaiy  and  primary 
forms,  since  it  sometimes  follows  malarial  fever,  and  sometimes  deve- 
lops without  previous  fever  in  those  who  have  been  exposed  to  the 
influence  of  malaria.  We  have  much  still  to  learn  regarding  the 
pathology  of  these  forms. 

Sepficmmie  polynturitit  is  a  rare  variety,  but  one  of  the  moat 
formidable  in  many  cases,  the  nerves  to  vital  organs  suffering  with 
relative  frequency  and  severity.  The  most  severe  cases  have  been 
traumatic,  the  result  of  organisms  introduced  from  without  into 
some  wound,  or  of  some  injuxy  or  local  inflammation  capable  of 
giving  rise  to  blood-poisoning.  In  some  such  cases  the  disease  has 
been  unaccompanied  by  the  usual  symptoms  of  septic  blood-states, 
but  has  followed  its  cause  at  an  interval  that  suggests,  taken  with 
other  analogous  facts,  that  it  is  due  to  some  virus  produced  pro- 
bably  by  septic  organisms  of  a  special  character.  Eor  instance^  a 
man,  thirteen  days  after  a  stab«wound  beneath  the  clavicle,  which 
heaJod  well,  had  an  attack  of  parotitis  with  facial  palsy.  On  the 
fortieth  day  there  developed  paralysis  of  tongue,  vocal  cords,  and 
limbs,  and  on  the  sixth  day  after  the  onset  of  these  symptoms  he  died 
from  respiratory  palsy.  Extensive  peripheral  neuritis  was  the  oalj 
nerve  lesion.*  In  a  less  severe  case  recorded  by  Barrsf  the  symptoms 
commenced  three  weeks  after  a  neglected  woimd  of  the  hand,  whiok 
produced  inflammation  of  the  lymphatics,  extending  up  the  arm  to  the 
axilla.  The  symptoms  of  neuritis  began  in  the  injured  limb,  and 
invaded  successively  the  other  extremities,  causing  characteriatic  weak« 
ness  in  the  lower  limbs,  with  loss  of  the  knee-jerk.  He  slowly 
recovered.  It  is  possible  that  some  cases  of  this  class  result  from 
unsuspected  foci  of  inflammation  within  the  body,  in  which  pus 
becomes  pent  up  and  causes  the  blood-state. 

In  cases  with  a  possible  internal  source  of  blood-poisoning,  poly« 
neuritis  may  develop  as  an  apparently  primary  disease  if  the  soiuce  of 
the  septicaemia  has  been  undiscovered.  The  nature  of  such  cases  is 
often  mysterious.  They  are  not  separable  from  those  due  to  deranged 
metabolism,  or  to  some  toxine  arising  by  a  different  mechanism. 

•  Roth,  •  Corr.-Bl.  f.  Schw.  Aerzte/  1883,  No.  13. 
t  *  Anier.  Jouni.  Med.  ScitrDce.'  Feb.,  1880» 
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Other  primaay  oases  oocor,  moreoyer,  in  which  there  is  no  cause  for 
septioemia,  and  yet  of  sach  severity  as  to  suggest  a  poison  coming 
from  a  powerful  external  source.  The  only  explanation  we  can  give  of 
these  is  that  they  «re  probably  due  to  a  vims  reoeiyed  from  without, 
the  pveciBe  naturo  of  which  is  unknown,  and  that  Idiere  are  sources 
cf  sudi  toxines  of  which  we  are  still  ignorant.  Some  cases  have  been 
met  with  in  which  the  ^rmptoms  of  multiple  neuritis,  perfectly  charac- 
teristic, came  on  without  any  discoveiable  cause,  and  ran  a  course  in 
most  oases  mild,  and  ending  in  t^ecovery ;  in  one  or  two  others  serere, 
and  ending  in  death.  Some  cases  of  what  is  popularly  termed  "  blood- 
paisoning**  are  probably  of  this  nature.  A  condition  also  occurs 
daring  the  puerperium,  and  is  jirobably  the  result  of  some  accidental 
sq>ticBBmic  proeess.  The  type  is  one  of  severe  polyneuritis.*  A 
similar  condition  has  also  been  describedf  as  occurring  during  preg- 
vaikcy,  the  symptoms  all  disappearing  after  delivery.  If  certain  drain 
poisons,  probably  organismal,  are  capable  of  giving  rise  to  a  disease. 
diphtheria,  of  which  multiple  neuritis  is  often  part,  there  is  no  im- 
probability in  some  forms  of  virus,  of  similar  character  and  analogous 
source,  having  such  neuritis  for  their  chief  effect. 

In  this  connection  it  is  instructive  to  note  that  an  epidemic  is  on 
record  in  which  paralysis  preceded  the  throat  affection  (see  Biph- 
fiieritic  Paralysis,  Vol.  11).  As  an  instance  of  this  primary  form  may 
be  mentioned  the  case  of  a  medical  practitioner  who  was  attacked  with 
abstinste  Tomiting  and  diarrhcea  succeeded  by  constipation,  for  which 
no  cfrnse  could  be  discovered,  quickly  followed  by  **  numbness  '*  in  the 
hands  and  feet,  and  a  difficulty  in  using  them.  When  I  saw  him,  a 
fortnight  later,  there  was  loss  of  tactile  sensibility,  limited  to  the 
palms  and  soles,  weal^ness  of  the  legs,  and  no  knee-jerk.  The  weakness 
rapidly  increased  and  extended,  and  at  the  end  of  five  weeks  from  the 
onset  he  died.  Such  a  case  presents  all  the  features  of  the  toxic 
fomu^ 

The  Bhewnalic  form  embraces  all  the  cases  of  polyneuritis  that  aie 
due  to  exposure  to  cold.  Bheumatic  fever,  due  to  a  similar  exposure 
to  cold,  must  depend  on  a  morbid  blood-state,  produced  in  some  way 
by  the  disturbing  inffuenoe  of  the  chill  on  the  metabolic  processes 
within  the  body.    The  poison  thus  generated  must  vary  much  in  its 

*  MObinSy'Munoh.  mad.  Wooliensobr.,'  1892,  Bd.  xlv;  Bernbardt/  I>eut<ch.  med 
Wcxhenschr.,'  1804,  Bd.  ]|  Ealenburg.  '  Deutsch.  med.  Wocheiischr./  1895,  Bd. 
viii.  ix;  Sottas  and  Sottas,  'Oas.  des  Hdp.,'  1892;  Turney,  'St  Thomas's  Hosp. 
Beports,'  vol.  xxt,  1898.  who  describes  three  varieties  t  (1)  generalised  neuritis, 
(2)  localised  nenritis  affecting  (a)  upper,  (b)  lower  limbs,  and  (8)  neuritis  affecting 
a  single  nerve  without  soy  asorrtainHble  local  eauseb 

t  8U«fsl,  ' Neur.  Cent.,'  1893,  852. 

X  It  should  be  mentioned  that  otlier  circomstances  excited  a  suspicion  of  inten-  ^ 
tional  chronie  poisoning.    This  fact  does  not  lessen  the  snggestiveness  of  the  esse. 
Multiple  iieuritis  must  henceforth  constitute  an  element  in  many  questions  of  medical 
jurkitrudcnee.    Ito  discovery  might  give  greater  weight  to  indications  of  some  forms 
of  poisoniog* 
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.precise  nutiire ^  ob^x^  the gr^t  TftriatiqxiB  in  the  acota  leaions  wUeh 
•  £qUow  (aee  Chprea,  YoL  .11).  Hence  it  is  not  soipriBing  that  the 
effect  of  the  exiposnre  should,  in  Bome  persons,  be  such  aa  to  oaoaea 
blood-st^te  .capat>le  oif  prodticing  multilde  neuritis,  STnunetrioal  and 
parenchjjnatpufii.  In  ^  case  recorded  hj,  Futnaim,'£a1al  in  seven  days 
,^rom  paralysis  o£  the  respiratory  muacles,  foUoiving  directly  e^i^osure 
to  cold,. there  ivas  swelling  of  the  spleen  sooh  as  is  miet  with  in  typhoid 
and  other  acute  toxamic  states.  Two  cases  of  f  sLtal  septic  polyneuritis 
accompanied  by  endocarditis  are  recorded.*  We  do  not  know  to 
what  these  Tariations  are:  due.  In  some  there  hae  been  a  previous 
exposure  to,  chronic  alcoholism  sufficient  to  ezidain  the  extreme 
decree  of  the  resulting  process.  The  causes  .of  the  differences  in  the 
^results  are,  however,  still  involved  in  mystery.  J^m  this,  as  from 
other  causes^  but  perhaps  with  greater  firequenoy,  the  Uood-state  is 
apt  to  give  rise  to  more  irregular  central  inflaimnation,  and  the  two  may 
coincide.  .  The  /connective  tissue  of  nerves  is,  moreover,  of  the  same 
nature  as  that  on  which  the  riieumatic  poison  exerts  its  special  inflnenfw\ 
and  the  mjodes  of  onset  of  sciatica^  have  shown  us  that  the  rhenmafcio 
process  may  pass  from  the  fasciffi  to  the  nerve-sheaths.  A  considera- 
tion of  the  facts  makes  it  probable  that  cold  may  cause  (1)  an 
isolated  i^yentitial  neuritis;  (2)  a  multiple  neurijbiB  of  the  aame 
character,, irregular  in  distribution,  probably  by  the  jigeneyof  a  blood- 
poison  related  to  that  which  causes  muscular  rheumatism  and  the 
affection  of  the  fibrous  tissues  of  the  joints  in  rheumatic  fever;  (3) 
,  a  symmetrical  parenchymatous  polyneuritis  due  probably  to  a  spedal 
blood-state  of  gx?eat^  specificity  than  that  which  produces  the 
adventitial  form,  and  perhaps  allied  to  that  which  giVee  rise  to 
pneumonia  and  to  cerebro-spinal  meningitis.  Pneumonia,  at  leasts 
may  be  combined  with  multiple  neuritis  as  $k  result  of  the  same 
exposure. 

The  diabetic  form  presents  many  varieties,  and  our  knowledge  of 
it  has  been  already  referred  to  so  far  as  its  imperfect  character 
permits.  It  is  not  related  to  the  amount  of  sugar  in  the  urine— 
in  many  of  the  sufferers  tiiis  has  been  small  (in  one,  indeed,  as 
low  as  one  hiUf  per  cent.) ;  nor  is  it  readily  influenced  by  «  dietetic 
reduc^on  of  the  amount  of  sugar  in  the  blood.  Hence,  as  we  have 
seen,  it  is  supposed  to  be  due  to  some  toxic  product  that  is  fi  rmed  in 
the  perverted  metabolism  of  the  diabetic  subject,  comparable  to  acetone, 
although  certainly  not  acetone  itself  .f 

Alcoholic  ^olyneuritia  is  the  form,  most  frequently  met  with^  at  anv 
rate  so  far  as  well*marked  cases  ^r?  concerned ;  this  form  pre|>onderaiee 
in  most  countries  over  all  «>thers  put  together,  bnt  at  present  many  of 
the  slighter  sensory  forms  escape  recognition,  and  the  preponderance 

^  liloyd  and  Bieamao,' Trans.  Am  Near.  Absoc.,' 1 892. 

t  WiUiantfon  (<  Med.  Qnron./  Nov.,  1802)  iouiid  iti  fifty  etnt  of  dSftbeMd 
,  Ihftt  the  knfe-jeffk  was  absent  in  88. per  oeut,aiid  pbtuuie«l  voiil^  with  leinforoeoveiBte 
in  12  per  cent. 
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w31  probably  be  much  less  wben  all  cases  are  recognised.  It  results 
chiefly  from  the  stronger  forms  of  alcohol^  especially  from  spirits.  It 
18  more  common  among  those  who  take  small  quantities  frequently 
than  among  those  who  indulge  in  an  occasional "  bout "  of  intem- 
perance, probably  because  the  total  quantity  consumed  is  greater. 
Strange  to  say,  it  is  &r  more  frequent  among  women  than  among  men, 
probably  at  least  three  times  as  frequent.  The  cause  for  this  is  difficult 
to  discern.  On  the  one  hand  continuous  drinking  is  more  common 
among  women  than  is  occasional  intoxication ;  and  women  who  take 
alcohol  to  excess  generally  do  so  in  the  form  of  spirits,  while  men 
often  take  it  in  the  form  of  beer.  At  the  same  time  the  opposite  pro- 
clivity is  seen  in  the  case  of  delirium  tremens,  and  it  would  seem  as  if 
there  were  a  difference  in  the  nenrous  system  of  the  two  sexes,  whereby 
a  susceptibility  of  the  nerves  in  women  replaces  that  of  the  brain  in 
men. 

The  amount  of  alcohol  habitually  taken,  and  the  duration  of  tho 
habit  before  the  onset  of  the  affection,  vary  much.  It  lias  been  thought 
that  a  neuropathic  dispasition  renders  a  less  quantity  and  briefer 
period  adequate.  Other  causes  often  co-operate  with  alcohol  in 
exciting  the  disease,  especi^y  exposure  to  cold,  and,  in  the  lower 
dasses,  insuf&cient  nourishment.  Exposure  is  especially  effective  in 
those  in  whom  slight  symptoms  exist  but  attract  little  attention,  and 
the  condition  of  the  nervous  system  is,  as  it  were,  prepared  for  n 
severe  outbreak. 

Idiopaihic  Forms. — ^Eegarding  these  varieties  of  idiopathic  poly- 
neuritis, little  remains  to  be  added  to  what  has  been  stated  at  p.  146. 
The  evidence  rests  chiefly  on  the  post-mortem  discovery  of  the  changes 
in  the  nerves,  but  it  is  probable  that  more  careful  attention  to  the  point 
win  show  that  symptoms  are  not  unfrequent  which  now  receive  little 
attention,  or  are  regarded  as  functional  only.  More  attention  is  also 
needed  by  the  cases  in  which  a  neuropathic  tendency  or  some  depressing 
emotion  seems  to  be  the  cause  of  this  disease,  as  they  may  be  of  the 
corresponding  degeneration  of  the  pyramidal  fibres  within  the  cord  in 
^  lateral  sclerosis,"  a  degeneration  which  also  b^^s  at  the  extremity 
of  tiie  fibres  and  extends  upwEirds. 

AikeromatouB  Neuritis  merits  separate  recognition  on  accoimt  of  its 
peculiar  mechanism.  In  these  cases  the  nerves  of  the  limbs  have  been 
extensively  damaged  through  atheroma  (or  "  arteritis  obliterans  ")  of 
their  arteries.  Necrotic  inflammatory  processes  take  place  in  the  pan  s 
of  the  nerves  supplied  by  the  affected  vessels,  and  there  result  symptoms 
that  resemble  those  of  the  toxic  form  in  charaet/er,  although  differing 
in  the  greater  irregularity  of  distribution.  The  symmetry  that  const  i- 
tates  so  striking  a  feature  of  the  common  cases  is  absent,  bat  arterial 
degeneration  may  be  symmetrical,  and  an  incomplete  rough  symmetry 
may  thus  result.  It  is  conjectured  that  such  disease  of  the  nerves  will 
be  found  to  be  frequent  in  the  cases  in  which  senile  disease  of  tl:e 
arteries  giTes  rise  to  gangrene,  and  that  it  is  partly  through  tlie 
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a^ncj  of  the  neuritis  thsA,  the  gangrene  is  ptodnced;  bat  this  tivw 
overlooks  the  potent  influence  of  the  arterial  obstruction  itself.* 

GsiTSBAt.  Etioloot. — ^Multiple  neuritis  is  a  disease  of  adult  life. 
The  onlj  form  met  with  in  children  is  that  which  sometimeB  aoeom- 
panies  polio-myelitis,  and  maj  perhaps  now  and  then  be  met  with 
apart  from  the  spinal  maladj,  as  an  infantile  Tariety  of  multiple 
adrentitial  neuritis,  irregular  in  distribution.  The  other  common 
forms  occur  chieflj  between  twenty  and  fifty ;  the  alcoholic  between 
thirty  and  forty  twice  as  frequently  as  in  either  the  prerious  or  later 
decade,  but  it  may  be  met  with  up  to  sixty  yeans  of  age ;  trhile  the  rare 
senile  (purely  degenerative)  variety,  and  the  still  more  rare  arteritio 
form,  are  met  with  at  still  later  ages.  Females  constitute  a  majority 
of  the  cases,  the  degree  of  which  cannot  yet  be  estimated;  it  is  due 
solely  to  their  liability  to  alcoholic  neuritis,  in  which  they  amount  to 
at  least  70  per  cent.  The  rheumatic  and  toxsemic  forms,  on  the  other 
hand,  occur  more  frequently  in  males,  probably  from  their  greater 
exposure  to  the  causes  of  the  disease. 

More  than  one  cause  may  co-operate  in  producing  the  affection,  and 
then  we  may  distinguish  the  one  as  "  predisposing,"  the  other  as 
*'  exciting,"  although,  as  a  rule,  either  would  be  adequate  alone  were 
its  degree  more  intense.  The  double  causation  can  most  often  be 
traced  when  cold  or  some  depressing  influence  co-operates  with  alcohol, 
or  when  the  influence  of  the  latter  is  conjoined  with  that  of  tubercle^ 
as  either  the  primary  or  secondaxy  cause.  Even  more  frequently  the 
symptoms  follow  some  cause  of  constitutional  depression,  inadequate 
alone.  In  one  case  this  was  an  attack  of  acute  gastric  catarrh  with 
vomiting,  the  result  of  the  alcoholism  which  was  the  real  cause  of  the 
neuritis.  In  other  cases  a  depressing  emotion  has  seemed  to  be  the 
excitant,  and,  as  we  have  seen,  this  appears  to  be  sometimes  alone 
sufficient.  In  one  alcoholic  case  the  injurious  effect  of  painful  emo- 
tion (due  to  the  death  of  a  son)  was  at  once  to  arrest  improvement^ 
and  to  excite  a  progressive  increase  in  the  symptoms,  which  continued 
until  death  a  few  months  later.  Ansemia  probably  acts  chiefly  as  a 
predisponent,  lowering  the  nutrition  and  resisting  power  of  all  the 
tissues,  and  rendering  a  slighter  cause  effective.  Thus,  in  the  case  of 
an  anoemic  girl  recorded  by  Barrs,  the  symptoms  followed  immediately 
on  bathing  the  feet  in  cold  water,  when  the  patient  was  heated. 

Symptoms. — The  symptoms  produced  by  multiple  neuritis  differ 
widely,  as  has  been  already  intimated,  according  to  the  character  of 
the  affection  of  the  nerves.  They  are  of  three  classes — motor  weak- 
ness, sensoiy  disturbance,  and  inco-ordination.  Psychical  symptoms 
are  sometimes  pronounced,  especially  in  alcoholic  cases.  Loss  of 
memory,  especially  as  regards  place  and  time,  are  the  most  obvious 
conditions,  but  hallucinations,  especially  visual,  are  not  infrequently 

*  Schlesin^er  ('  Neur.  Cent.,'  1895,  p.  578)  describes  a  form  of  neoritli  awopiited 
with  emiarteritis  obliterans  similar  to  that  occurring  in  lyphilis. 


STHFT0H8.  158 

piwotit  Tke  motor  wealciiess  depends  on  aa  affection  of  the  motor 
nerve-fibres,  and  usuaJlj  involres  first  and  chiefly  tlie  flexors  of  the 
ankle  and  extensors  of  the  toes,  and  ih»  extensors  of  the  wrist  and 
fingers  in  the  forearm,  muscles  that  are  homologons  and  supplied  by 
corresponding  nerves,  the  anterior  tibial  or  peroneal  nerve  in  the  leg,  the 
radial  branch  of  the  musculo-spiral  in  the  arm.  The  result  is  the  cha- 
racteristic "  wrist-drop"  and  "  foot-drop,"  shown  in  Rg.  58.     Other 


Fie.  68. — Maltiple  alcoholic  neuritis;  palsy  of  PxteiiKors  of  wrist  and  flexon 
of  avCkle.    (From  a  photogriiph  by  Mr.  Hyde  Marriott,  B.So.) 

musdea  sufier  in  severe  cases.  The  sensory  symptoms  consist  of  anb- 
jeotiTe  aenaations  of  tingling,  Aa. ;  paina  of  various  character,  seat, 
and  d^ree,  often  referred  to  the  nervea  or  deep  parts ;  tenderness 
of  the  akin,  serve-tronka,  and  muscles,  and  loaa  of  cutaneous  senai- 
bilitj.  Tb»  inco-ordination  reaemblea  that  preaent  in  the  slighter 
degrees  of  locomotor  ataxy,  and  is  often  aaaodated  with  loas  of  the 
muscular  eenae.  Theae  aymptoma  will  be  considered  in  detail  Ao- 
•ordhng  tA  the  predominance  of  one  or  other  of  the  three  seta, 
eorresponding  yarietiea  are  distinguished, — (1)  a  motor  form,  in 
which  there  is  loss  of  power  with  or  without  the  other  syTn-^toms ; 
(2)  a  asMory  form,  in  which  there  is  no  marked  muscular  \«.^.vueaa 
or  inco-ordination,  but  in  which  sensory  disturbanoe— irritation  or 
loss — ia  the  chief  symptom ;  (3)  an  ataxic  form,  in  which,  without 
marked  loss  of  power,  with  or  without  sensory  symptoms,  inco-ordina- 
tion is  the  dominant  symptom. 

\s  mentioned  m  the  introductory  section,  the  varieties  of  poly- 
neuritis that  are  due  to  special  metallic  poisons  and  to  certain  acute 
specific  diseases  are  described  sex>arately,  in  the  second  volume  of  this 
work,  among  the  general  diseases  of  the  nervous  system.  The 
oommon  alcoholic  form  is  alone  suitable  to  convey  a  knowledge  of  the 
general  features  of  the  aiEection,  but  the  account  of  its  symptoms 
must  be  completed  by  some  mention  of  those  of  the  less  oonunon 
forms,  which  do  not  need  separate  description  elsewhere. 

It  should  \te  clearly  understood  at  the  outset  that  no  set  of  sym* 
ptoms  ia  exclusively  related  to  a  sing^  cause.    The  various  forma 
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wfaicH, depend  on  the  incidenoe  of  the  diaeaae  on  the  motor  or  tiie 
senaorj  nerves  in  preponderant  degree,  ore  met  with  in  oonflequenoe 
of  each  of  the  common  cauaes^  althongl:^  aa  we  shall  see,  some  canaet 
give  rise  more  f requentlj  to  one  form  than  to  another. 

The  onset  and  course  of  multiple  neuritis  yazy  mnch  in  different 
cases,  both  of  the  same  class  and  of  the  seyeral  classes.  Premonitoiy 
.symptoms  ooonr  in  some  cases.  Thej  hare  been  observed  chieflj  in 
the  alcoholic  form,  but  occur  in  others  also.  When  due  to  cold  or 
3ther  causes  of  constitutional  disturbance,  the  special  symptoms  of 
the  general  state  may  immediately  precede  the  onset.  Thus,  after 
exposure  to  cold,  general  rheumatic  symptoms,  with  fever,  bron- 
chitis, and  other  signs  of  catarrh,  may  immediately  be  followed  by 
the  symptoms  of  neuritis.  The  symptoms  that  have  been  regarded  as 
premonitoiy  are  especially  ".numbness  "  and  tingling  of  the  fingers 
and  toes,  or  of  the  palms  and  soles,  or  the  lower  parts  of  the  limbs^ 
▼aso-motor  disturbance  in  the  extremities  (as  pallor  of  the  fingers), 
and  painful  cramp  in  the  calves  or  elsewhere,  together  with  dull 
rheumatoid  pains.  These  constitute  the  first  symptoms  of  the  disease, 
but  when  they  exist  alone  for  months  before  ike  onset,  they  may 
be  regarded  as  "  premonitoiy.'*  All  these  symptoms  are  probably 
due  to  the  influence  of  alcohol  on  the  nerves,  disturbing  the  function 
of  the  structures  whose  nutrition  undergoes  subsequently  a  corre- 
sponding  impairment. 

The  onset  itself  may  be  acute  or  subchronic,  and  is  sometiines  so  slow 
as  to  deserve  the  name  of  obronic,  especially  in  the  slighter  aensooej 
form.  An  acute  onset  is  on  the  whole  rare  in  alcoholic  cases  unless 
the  malady  is  ''  excited"  by  some  oodperant  influence.  Thus,  in  oob 
alcoholic,  a  prostrating  attack  of  vomiting,  lasting  for  ten  days,  waa 
fdlowed  by  aji  onset  of  the  symptoms  d!  neuritis  so  acute  that  at  the 
end  of  a  week  the  patient  was  unable  to  stand*  and  there  was  general 
impairment  of  sensibility.  It  is  met  with  chiefly  in  oases  due  to 
oold  or  toxsemic  states ;  in  these  it  may  be  attended  by  severe  eon^ 
stitutional  disturbance,  rigors,  and  considerable  pyrexia.  In  other 
forms  the  elevation  of  temperature  is  usually  slight  or  moderate,  but 
sometiines  amounts  to  S°  or  4P,  and  may  last  from  one  to  three  or 
four  weeks.  The  first  deduite  symptom  (if  it  has  not  existed  before)  is 
often  the  tingling,  or  "  pins  and  needles  "  in  the  extremities,  already 
mentioned,  with  vague  "  rheumatic  *'  pains,  which  become  nune  acute. 
Motor  symptoms  are  usually  soon  added,  palsy  or  inco-ordiiiation, 
or  both.  They  are  seldom  absent  in  acute  cases.  The  pronounced 
symptoms  of  the  disease  may  resemble  in  character  those  produced 
by  the  inflammatiou  of  single  nerves,  differing  only  in  distribution, 
aud  involving  all  the  functions  of  the  affected  nerves ;  this  is  often 
the  case  when  the  malady  is  acute  in  onset.  But  when  chronic, 
as  already  stated,  the  fibres  may  be  affected  according  to  their 
specific  function,  and  to  this  the  symptoms  are  tlien  limited,  so  that 
(hey   resemble  those  that  are  ascribed   to  a  distvnfxiiice  of  special 
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.dementft  of  tibe  spinal  card^  ;rather  than  those  of  an  affection  of 
.  isolated  nerves. 

The  piotor  form  inyolves  either  the  upper  or  lower  limbs  or  both, 
but  atwajs  the  corresponding  limbs  on  both  sides,  and  their  distal 
extremities,  the  hands  or  the  feet,  first  and  chiefly.*  Whichever 
limbs,  anns  or  l^s,  present  the  first  symptoms,  suffer  in  greater 
d^ree  throughout,  and  it  may  be  alone.  The  feet  suffer  more  fre- 
quently than  the  hancUi ;  motor  symptoms  may  exist  in  the  legs,  and 
only  sensory  symptoms  m  the  hands,  and  this  when  the  weakness  in 
the  legs  )s  extreme.  Jn  whatever  part  the  affection  occurs,  various 
sensory  disturbances,  and  especially  pains,  commonly  precede  the 
.  weakness,  and  increase  with  it.  They  are  accompanied  by  tenderness, 
generally  along  the  nerve-trunks,  but  almost  invariably  in  the  mus- 
joles,  and  sometimes  of  the  skin.  These  pains  may  occur  in  the 
(limbs  that  do  not  become  paralysed  if  the  action  of  the  cause  can 
be  arrested.  Although  loss  of  power  is  the  obtrusive  feature,  some 
loss  of  oo-ord|nation  generally  accompanies  it,  and  is  often  the  means 
by  which  the  attention  of  tiie  patient  is  first  directed  to  the  com- 
mencing diBabilitv.  He  finds  a  difSculty  in  balancing  when  standing, 
or  in  performing  the  fiaer  movem^nts  with  his  fingers;  and  his 
attentdon  being  thus  drawn  to  the  part,  he  finds,  on  further  investiga- 
tion* that  there  is  some  actual  defect  in  the  power  of  extending  the 
wrist  and  fingers,  or  in  raising  the  toes  or  foot  from  the  ground  during 
the  forward  movement  of  the  foot  in  walking.  Tremor  is  often  con- 
spicuous in  alcoholic  cases  long  before  the  loss  of  power.  Whenever 
^  there  is  weakness  in  the  leg  the  knee-jerk  can  no  longer  be  obtained, 
.probably  because  the  afferent  muscle-nerves  suffer ,  more  widely  than 
^the  motor  nerves.  The  constancy  of  this  loss  is  very  great,  and  it  is 
not  related  to  any  one  class  of  symptoms,  but  occurs  equally  in  the 
paralytic  and  ataxic  forms  of  neuritis.  At  the  same  time  it  is  not 
absolute ;  the  knee-jerk  seems  to  persist  in  very  rare  cases  of  slight 
de^pt«,  as  mentioned  on  p.  160. 

When  the  first  symptoms  are  in  the  legs,  the  |Lrst  motor  loss  is 
the  inability  to  raise  the  toes  from  the  ground  in,  walking,  owing  to 
imperfect  flexion  of  the  ankle-joint  and  extension  of  the  toes.  But 
this  symptom  may  be  to  a  large  extent  obscured  by  the  interference 
v/itli  ni^>vement  occasioned  by  the  tenderness  of  the  muscles  and  the 
hvpersestlie.^ia  of  the  skin,  which  commonly  coexist  and  prevent  the 
exei-tion  of  the  amount  of  power  that  is  possessed.  There  is  a 
UiuU'ncj  tor  the  nerves  of  the  sole  and  the  palm  of  the  hand  to  be 
e8jHxi:illy  mvolved  in  the  hyperrosthesia — ^in  obedience  to  a  law  of 
pathological  susceptibility  which  is  to  be  traced  not  infrequently  in 
polyneuritis,  especially  in  the  tabetic,  diphtheritic,  and  toxsemic  forms. 

These  effects  of  the  sensory  irritation  may  render  it  difficult  to  deter- 
mine the  common  course  of  the  motor  weakness,  the  order  in  which  the 

*  The  t€KJ  THr«oii4  ix  inptntnt  of  the  diAea««'  aiv  well  illnstrHted  by  iin  instnictive 
series  of  oKses  pnl)>islie{l  by  Dr.  Bnzzanl. '  ParHlvsin  froin  Peripheral  Kearitiii,'  1886. 
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muscles  suffer,  and  the  relative  degree  of  their  impoinzient  at  difEareiLt 
periods.  The  conspicuous  fact  is  that  the  muscles  first  to  suffer  are 
those  BuppHed  from  the  external  popliteal  nerve  (anterior  tibial  group), 
and  these  are  followed  hy  other  musdes  below  €ie  knee,  exoept  in  the 
yeiy  rare  instances  in  which  palsj  does  not  spread  bejond  l&e  muscles 
first  affected.  The  muscles  abore  the  knee  sufiteor  later  and  less,  and 
more  frequently  escape  considerable  impairment.  l%e  flexors  of  the 
knee,  although  supplied  bj  tiie  sciatic  nerre,  do  not  suffer  more  than 
the  extensors,  or  more  frequently,  so  far  as  the  tenderness  permits  ua 
to  judge.  Least  frequently  and  in  least  degree  the  muscles  suffer  that 
move  the  hip-joint ;  it  is  only  in  the  most  serere  cases  that  these  are 
appreciably  affected.  Very  rarely  is  the  innenration  of  the  bladder  or 
rectum  inrolyed  in  the  disturbance  of  polyneuritia.  Interference  with 
these  functions  may  generally  be  regarded  as  evidence  that  the  morbid 
changes  are  not  limited  to  the  nerves,  but  involve  the  spinal  cord 
itself. 

In  the  arms,  the  first  and  chief  defect  in  power  is  in  the  extensors 
of  the  wrist  and  fingers.  Both  arms  are  affected  together  or  in  quick 
succession— one  never  suffers  alone  in  considerable  degree.  Thus 
the  palsy  resembles  at  first,  and  sometimes  throughout,  that  which  is 
familiar  as  the  effect  of  lead  poisoning.  The  resemblance  may  extend 
to  the  escape  of  the  extensor  of  the  metacarpal  bone  of  the  thoml), 
and  of  the  supinator  longus.  Lead  palsy,  indeed,  is  an  example  of 
peripheral  neuritis  of  the  "toxic  form,"  and  differs  from  the  general 
form  in  the  limitation  of  even  severe  palsy.  It  seems  that  the  radial 
nerve  (of  the  musculo-spiral)  is  that  which,  in  the  upper  limbs,  is 
the  most  prone  to  suffer — a  fact  which  is  at  present  unexplained.  It 
probably  depends  not  on  any  peculiarity  of  position,  but  on  some 
deeper  functional  relation  and  position  among  the  nerves  of  the  body, 
since  it  obtains  when  the  affection  is  of  the  peripheral  extremities  of 
the  fibres  and  does  not  involve  all  the  fibres  of  the  nerve.  The  radial 
nerve  is  homologous  with  that  in  the  leg  of  which  the  fibres  are  the 
first  to  suffer — ^the  peroneal, — ^regarding  which  the  same  facts  are  true. 

It  is  only  in  the  cases  due  to  metallic  poisons  that  the  palsy  becomes 
considerable  without  spreading  to  other  muscles.  Generally  the  flexors 
of  the  wrist  and  fingers  become  weak,  and  so  do  the  interossei,  while 
*  the  last  to  suffer  are  the  thenar  and  hypothenar  muscles.  It  is  rare 
for  the  palsy  of  any  muscles  except  the  extensors  to  be  complete.  In 
more  severe  degree  the  muscles  above  the  elbow  suffer,  last  and  least 
those  of  the  shoulder.  The  muscles  below  the  elbow  may  be  almost 
powerless  when  those  above  it  are  scarcely  affected. 

In  severe  cases  the  trunk  muscles  are  involved — ^the  diaphragm, 
and  the  muscles  of  the  'thorax  and  abdomen.  Less  rarely,  but  also 
only  in  severe  forms,  increased  frequency  of  the  pulse  and  palsy  of 
the  vocal  cords  indicate  that  the  fibres  of  the  vagus  are  suffering. 
Very  seldom  the  facial  muscles,  or  those  of  the  tongue,  are  involved. 
Affection  of  the  motor  ocular  nerves  and  of  the  pupils  has  been  met 
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wifli  coiljiD  Uw  most  Bef«re  cases^  and  chieflj  in  those  doe  totoxsamia. 
GQight  njstagmua  is  commoiL  The  nerves  of  the  pharynx  and  alimen- 
tuy  idaeera  seem  always  to  escape.  It  is  more  doubtf td  whether  this 
is  true  of  the  branches  to  the  lung. 

Thus  the  stoess  of  the  affection  falls  on  the  muscles  of  the  extremities, 
and  those  that  are  affected  first  also  suffer  alone  in  slight  cases,  and 
most  in  those  that  axe  serara.  As  they  become  weak,  and  sometimes 
even  earlier,  they  become  tender,  and  this  muscular  tenderness  usually 
increases  to  an  extreme  degree,  and  becomes  even  more  obtrusiTe,  in 
many  cases,  than  the  tenderness  of  the  nerves.  The  limb  cannot 
be  grasped*  even  gently,  without  cries  of  pain  being  elicited,  and 
every  change  of  posture  gives  rise  to  distress.  This  is  an  important 
sign,  and  is  no  doubt  due  to  the  fact  that  all  the  nerves  of  the  muscle 
suffer,  the  afferent  as  well  as  the  motor  twigs.  Very  rarely  it  is 
absent.  It  increases  the  pain  of  an  electrical  examination,  and,  after 
a  strong  current  has  been  applied,  the  muscles  may  ache  for  hours — 
a  fact  that  should  inculcate  scrupulous  consideration  in  all  such  pro- 
cedures. 

The  affected  muscles  quickly  become  flabby  and  waste,  and  their 
prominences  disappear.  The  muscular  atrophy  becomes  extreme  in 
some  instances,  bat  the  aspect  of  the  limbs  di^rs  from  that  in  pro- 
gressive muscular  atrophy  on  account  of  the  partial  distribution  of  the 
affection,  and  because  it  is  only  in  a  few  muscles,  such  as  the  extensors 
of  the  fingers  and  the  interossei,  that  the  wasting  is  as  great  as  in 
that  affection.  Changes  in.  the  electricaJ  excitability  of  the  muscles 
concur  with  these  symptoms;  they  present  the  reaction  characteristic 
of  nerve  lesions*  described  at  p.  72.  The  faradic  irritability  is 
lost*  and  that  to  voltaism  is  increased  in  amount,  and  often  but  not 
always  altered  in  quality,  in  the  usual  manner.  In  slight  cases, 
however,  incraase  in  voltaic  irritability  may  be  trifling,  and  may  be  the 
chief  change.  In  the  nerves  the  irritability  to  both  currents  lessens 
and  ifi  ultimately  lost  If  a  ease  is  examined  in  the  very  early  stage, 
the  increased  irritability  mentioned  at  p.  76  may  be  found,  and  after- 
wards replaced  by  diminution  and  loss.  In  the  most  severe  cases  the 
muscles  most  affected  may  quickly  lose  all  irritability,  on  account  of 
the  intensity  of  the  secondary  changes  in  the  muscular  tissue,  which 
destroys  instead  of  merely  changing  their  special  structure  and  charac- 
teriatic  functions.  Occasionally  the  wasting  is  concealed  by  oedema, 
but  now  and  then  the  siee  of  the  muscles  may  be  little  reduced  even 
when  they  are  totally  paralysed,  with  extinction  of  faradic  and  great 
reduction  of  voltaic  irritability.  But  the  wasting  is  only  deferred,  and 
extreme  atrophy  ultimately  occurs.  In  such  cases  there  is  probably  a 
rapid  fatlj  degeneration  of  the  muscles,  and  the  fat  accumulates  be.  we  u 
the  fibres  so  ae  to  maintain,  for  a  time,  the  bulk  of  the  muscle.  Au 
extremely  raro  alteration  is  the  preservation  of  some  voltaic  irritability 
in  the  nerves  ae  well  aa  in  the  muscles,  faradic  irritability  being  lost  in 
both. 
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As  in  other  bases  'of  iineqml  palsy,  the  leas  effected  in!aB6l^  c(f  l&ef 
limbs  are  apb  to  undergo  oontracture  knd  shortening,  especiallj  when' 
the  palsj  causes  the  part  to  assume  habitually  a  certain  po^tibn' 
under  the  influence  of  gravitation,  or  a  odrtain  i>OBtttre  is  adopted' 
by  the  patient  in  order  to  lessen  pain.  These  oontraetores  occur 
chiefly  in  the  lower  limbs.  The  foot-drop  shown  in  Fig.  58  is  especii^j 
frequent,  from  the  palsy  of  the  flexors  permittii^  the  foot  to  fkU  as' 
the  patient  lies  in  bed,  under  the  influenoe  of  giavifcation  and  of  the- 
unopposed  extensors.  The  effect  of  postnxe  is  seen  in  the  contraction 
of  the  flexors  of /dhe  knee,  which  may  be  fixed  at  a  right  angle,  and  to 
a;  less  degree  of  those  of  the  hip,  on  abbount  of  habitoal  flexion  of 
these  joints  to  escape  the  pain  oocasiiGaied  iriien  the  parts  axe  put  on 
the  stretch  in  the  extension  of  the  limb. 

The  affection  of  the  sensory  nerves  of  the  sldn  is  sometimes  ibeent ; 
more  often  it  is  cionjoined  with  that  of  the  motor  nerves,  and  ^mo> 
times  only  with  that  of  the  seniiory  musde-nei'ves.  It  very  seldom 
exists  alone.  Its  first  mamfestation  is  the  tmglihg  and  other  sub- 
jective  sensations  already  mentioned,  to  which  is  soon  added  the' 
hyperseisthesia  which  is  often  so  troifblesbme  thixnighout  the  disease. 
Seinsoxy  disturbance  is  usually  moie  extensile  tdian  the  motor  paJsy, 
but  is  greatest  at  the  most  affected  parts,  the  extremities  of  the  limbs. 
Except  in  slight  cases,  the  damage  to  the  sensory  fibres  beconfes  suffi- 
dient  to  lessen  the  sensibility  of  the  skin  to  touch.  A  faint  touch 
may  be  unfelt  while  over-sensifiveness  to  pain  continues,  and  is  even 
so  intense  that  a  strong  touch  may  cause  distress.  Barely,  as  I  have 
twice  seen,  sensibility  to  pain  is  lost,  that  to  touqh  beiiig  preserved. 
The  tem^eratiue  sense  is  usually  normaL  These  sensory  changes  are 
fiarst  developed  on  the  extremities,  sometimes  on  the  palms  and  soleis; 
they  may  even  be  still  more  local,  and  only  considerable  on  the  tips 
of  the  fingers,  or  the  hypereBstheoa  may  be  chiefly  under  tlie  nails. ' 
Spontaneous  pains  a^oompany  the  hypemsthesia,  dull,  or  acute,  or 
*' burning"  in  character,  referred  to  the  deeper  parts  of  the  limb,  or 
the  nerve-trunks,  or  the  joints,  and  increased  or  etcited  by  any 
attempt  at  mevement.  The  pain  referred  to  the  joints  may  be  really 
in  them,  especially  in  the  gouty,  or  it  may  be  in  tJie  nerves  that  pass 
by  the  joints  and  are  distuxi)ed  mechanically  by  their  movement 
The  sensory  change  increases  in  area  as  the  disease  develops^  and 
usually  extends  first  up  the  outer  side  of  the  leg  axid  the  radial  side  of 
the  forearm.  Although  sensibility  to  pain  is  seldom  lost^  the  oon- 
duction  of  pain  is  delayed  in  some  cases. 

In  the  ataxic  form,  inco-ordination  is  the  ohief  symptom,  and  it 
may  accompaiiy  the  onset  of  muscular  weakness  in  the  motor  form. 
It  is  usually  accompanied  by  muscular  tenderness,  and  exists  with  or 
without  the  affection  of  cutiuieous  sensibility  just  described.  It  pro- 
bably depends  on  changes  in  the  afferent  musde^nerves,  the  impies- 
sions  from  which  are  chiefly  oonoemed  in  the  process  of  co-ordiAation 
(see  Spinal  Cord,  Functions).      The  implication  of  these  nerves  is 
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Aown  hy  tbe  muscular  tendemeBs  that  is  so  marked  a  feature.  The 
inoo-OTdiuation  in  l^ese  eases  resembles  closely  that  which  exists  in 
tabes,  and  the  knee-jerk  is  lost  as  in  that  disease^  while  the  frequent 
ooeonenoe  of  pains  in  the  limbs  increases  the  resemblance.  Hence 
tike  form  in  which  this  symptom  is  predominant  has  been  called  pseudo- 
iabe9t  often  with  the  predfix  aleohoUe,  from  the  fact  that  this  is  its  most 
frequent  cause.  It  has,  however,  also  been  met  with  from  arsenical 
poisoning.  The  ataxy  may  involye  the  arms  or  the  leg^,  but  is  most 
frequent  in  the  latter.  It  nerer  reaches  the  degree  met  with  in  adyanced 
tabes,  probably  because  yery  extensive  and  intense  damage  to  the 
musde-nerves  only  occurs  when  the  toxic  cause  is  intense;  its  effect 
then  ifl  not  limited  to  a  single  set  of  nerves,  but,  involving  the  motor 
also,  produces  a  loss  of  power,  before  which'  the  inoo-ordination 
oeases  to  be  prominent^  if  it  does  not  of  necessity  disappear.  The 
general  law  that  limitation  needs  chronicity  of  course  and  moderation 
of  degree  holds  good  in  these  cases  on  the  sensory  as  weU  as  on  the 
motor  side.  When  the  inco-ordination  is  the  prominent  symptom  the 
disturbance  of  sensory  nerves  is  slight,  and  if  there  is  extreme 
byperaaethesia  and  much  loss  of  sensation  there  is  usually  also  motor 
palsy ;  and  thus  this  ataxic  form  is  not  commonly  accompanied  by  the 
intense  sensory  disturbance  of  the  complete  and  characteristic  cases. 
Sensory  loss,  chiefly  to  touch,  is,  however,  occasionally  met  with  in 
chronic  cases  of  the  ataxic  lype.  The  resemblance  to  tabes  is  then 
still  greater*  The  distinction  is  consideied  in  the  section  on  Dia- 
gnosis. 

l\sndeniess  of  the  nerve-trunks  in  the  region  of  whose  supply  the 
symptoms  are  greatest  is  a  very  common  symptom,  although  not 
always  readily  recognised,  because  they  are  only  more  tender  than  the 
adjacent  structures,  and  the  degree  of  difference  may  seem  not  great 
when  all  the  parts  are  extremely  sensitive.  It  is  less  frequentiy  a 
marked  symptom  than  the  tenderness  of  the  muscles,  and  must 
depend  (sinoe  the  pain.]s  felt  at  the  spot)  on  the  involvement  of  the 
nerves  of  the  sfaeatiL  It  is  only  in  very  rare  cases,  chiefly  of  irre- 
gular adventitial  neuritis,  that  any  swelling  of  accessible  nerves  can 
be  distinguished. 

Beflex  action  from  the  skin  varies  much  in  its  condition.  In  cases 
with  hypersBsthesia  it  is  often  increased,  even  when  there  is  considerable 
motor  palsy ;  the  muscles  that  escape  cause  the  movement,  and  the 
impression  that  reaches  the  reflex  centre  is  doubtiess  increased  in 
degree  just  as  is  that  port  of  it  which  reaches  the  brain  and  is  felt 
as  increased  sensation.  But  in  severe  cased,  with  extensive  loss  of 
power  and  sensation,  the  skin-reflex  may  be  lost  The  loss  may  be 
observed  to  coincide  with  an  increase  in  the  other  8jm])tom8,  and 
generally  to  be  related  to  loss  of  sensibility  to  touch  with  extensive 
motor  palsj ;  it  may,  however,  be  lost  when  sensation  is  perfect  Occa- 
sionall.v  it  is  lost  out  of  proportion  to  the  other  symptoms,  motor 
or  aent^rf.    Tbs  muscle-reflex  action  (myotatio  irritability),  as  we 
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have  already  seen,  is  almost  myaoriablj  loai.  Althougli  the  koae-jevk 
huA  been  obaenred  to  persist  in  rare  cases  (Dejerine),  its  persistence 
is  quite  exceptional,  and  probably  depoids  on  the  escape  of  at  least 
some  of  the  fibres  on  which  the  aotion  dependa.  Possibly,  howe?er, 
the  knee-jerk  is  sometimes  exoessive  in  the  early  stages  of  the  disease 
in  consequence  of  an  irritable  state  of  the  nerres  on  which  it  dep^dds, 
similar  to  that  which  gives  vise  to  the  hypersBsthesia.  I  have  more 
than  once  found  it  increased  in  cases  of  slight  sensory  neuritis  (e.  g. 
with  symmetrical  tingling  and  slight  an»sthesia  on  the  soles),  and  in 
one  such  case  it  disappeared  as  the  disease  progressed.  On  the  other 
hand,  it  is  often  lost  when  there  is  scarcely  any  appreciable  weakness 
of  the  extensors,  although  usually  sQma  tend^ness  of  these  muscles 
suggests  an  affection  of  the  afferent  path. 

Trophic  cLanges  occur  in  prolonged  cases — ^in  the  nails,  skin,  and 
hairs,  and  are  similar  to  those  of  ordinary  neuritis;  glossy  skin, 
arthritic  adhesions,  and  thickening  being  the  most  common.  Bedsores 
are  not  common — a  fact  well  established,  but  not  altogether  easy  to 
explain.  The  vaso-motor  nerves  may  present  disturbance  of  function, 
and  some  oedema  of  the  limbs  is  common,  especially  in  casc«  that  are 
due  to  alcohol;  the  blood-state  or  impaired  function  of  the  kidneys 
probably  aids  in  its  production.  It  occurs  about  the  ankleii,  back  of 
the  foot,  and  very  frequently  about  the  wrist  and  back  of  the  hand. 
In  one  very  severe  and  fatal  alcoholic  case  the  legs  and  back  were 
the  seat  of  a  peculiar  brawny  oedema,  pitting  very  slowly,  and 
attended  with  lividity  of  the  skin  in  the  depending  parts,  which 
became  brighter  in  colour  on  pressure.  In  this  case  endocarditis 
developed  during  the  course  of  the  malady.  In  one  recorded  case 
oedema  was  present  only  over  the  nerve-trunks  in  the  neighbourhood 
of  joints — a  place  in  which  the  movement  of  the  limbs  especially 
disturbs  the  sheath-nerves  of  the  trunks,  to  which  the  vaso-motor 
nerves  of  the  part  are  probably  related.  Indeed,  it  is  common  for 
oedema  to  be  present  about  the  joints  wh^i  it  is  not  elsewhere,  and 
this  may  be  the  explanation.  Pain  in  the  jomts  and  even  some 
effusion  into  them  have  been  observed,  especially  in  association  with 
an  acute  onset,  but  it  is  perhaps  more  often  gouty  *  than  rheumatic 
in  alcoholic  caaes,  and  its  significance  as  to  the  "  rheumatic  "  nature 
of  the  neuritis  must  be  looked  on  with  some  suspicion.  It  may 
be  occasionally  a  result  of  the  disease  of  the  nerves,  since  chronic 
changes  in  the  joints  often  take  place  just  as  they  do  in  the  inflam- 
mation of  single  nerves.  It  is  especially  common  in  the  finger- joints 
and  in  the  wrist,  but  it  occurs  also  m  the  shoulder  and  knee,  less 
frequently  in  the  elbow,  and  in  the  joints  of  the  leg  other  than  the 
knee.  There  is  pain  on  movement  and  thickening  about  the  joints 
with  ultimate  limitation  of  movement.  It  is  a  troublesome  efEect  of 
the  disease,  because  it  interferes  with  movement  when  power  returns. 

*  Aente  goat,  it  must  be  rememWred,  tometinies  attaoks  tiie  larger  Joints  witli  « 
bofors  the  smaller  oiiesb  and  may  closely  reaeuibKt  an  attack  of  ihaumatic  fevet. 
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There  is  nracih  more  tendency  to  it  in  some  cases  than  in  others,  and  it 
may  be  so  extensive  as  permanentlj  to  cripple  the  sufferer.*  The 
adhesions  commonlj  xe-fonn  after  they  have  been  forcibly  broken 
down. 

The  symptoms  are  wide-spread  in  proportion  to  the  acuteness  and 
intensity  of  the  maJady,  but  differ  in  these  respects  also  according 
to  its  canse.    The  effect  of  mfltallio  poisons  is  usually  limited  and 
confined  to  the  arms,  as  in  lead  palsy.    In  alcoholism  all  the  limbs 
are  often  affected,  but  the  arms  escape  more  often  than  the  legs. 
From  malaria  the  legs  usually  suffer  alone ;  such  cases  axe  considered 
at  p.  185.    In  cases  with  complex  causation  a  general  parenchymatous 
neuritis  may  be  accompanied  by  a  preponderant  adventitial  inflam- 
mation of  some  one  nerve,  as  the  facial  or  sciatic    The  cases  with 
most  widely  distributed  symptoms  are  those  that  result  from  obscure 
toxemic  states,  from  cold,  and  from  alcoholisuL    It  is  in  these,  and 
especially  in  the  first,  that  the  nerves  of  the  heart,  larynx,  and  of  the 
muscles  of  respiration  most  frequently  suffer.    When  the  laryngeal 
nerves  suffer  it  is  usual  for  both  adduction  and  abduction  of  the 
vocal  cords  to  be  weakened,  seldom  one  movement  only.    The  optio 
nerves  have  been  affected  only  in  rare  cases  with  considerable  blood- 
change.    In  the  case  mentioned  on  p.  160  (in  which  there  was  brawny 
(edema  and  endocarditis)  there  was  slight  optic  neuritis  and  a  diffuse 
(edematous  retinitis.!    The  face  has  also  been  affected  on  both  sides 
in  some  of  the  cases  due  to  exposure  to  cold,  and  also,  usually  in 
slight  degree,  in  some  tox»mic  cases;  it  seems  always  to  escape  in 
cases  due  simply  to  alcohoL    The  sphincters  almost  always  escape; 
a  slight  impairment  of  function  has  indeed  been  met  with  in  a  few 
very  severe  cases  of  probably  pure  polyneuritis,  but  their  affection, 
as  already  stated,  usually  indicates  an  implication  of  tihe  spinal  cord. 

The  Caune  of  the  affection  is  determined  by  the  same  conditions  as 
faodBuence  its  intensity,  and  by  the  extent  to  which  the  cause  is  under 
control  The  more  severs  and  acute  the  symptoms,  the  wider  is  their 
range  and  the  longer  is  their  duration.  Yery  commonly  the  symptoms 
increase  during  three  to  six  weeks,  then  become  stationaiy  (if  the  cause 
is  stopped),  and  after  one  or  two  months  slowly  improve.  The  first 
sign  of  improvement  is  a  diminution  in  the  pain  and  hypemsthesia, 
but  the  tenderness  ot  the  muscles  and  the  nerve-pains  on  movement 
often  continue  long  after  the  spontaneous  pains  have  ceased.  If 
tingling,  ^c,  ceased  as  the  disease  advanced,  their  return  may  herald 
improvement.  Power  slowly  returns,  first  in  the  musdes  affected  last 
and  least,  and  afterwards  in  those  paralysed  and  wasted  tn  greater 
degree*  In  these  the  weakness  lasts  for  many  months,  and  shortening 
of  the  opponents  of  the  most  affected  musdes  is  apt  to  occur.  The 
contracture  of  the  oaU  musdes,  secondary  to  palsy  of  the  flexors  of  the 
sakle,  constitutes  a  grave  hindrance  to  the  use  of  the  legs  in  standing 

•  Is  in  a  esM  vtoovdUd  by  Taylor,  'Gny't  Hosp.  Bep.,'  1888. 
f  Tbf§  chaaei  wn  dMcribtd  bj  Bdmundi  tad  I^wf ord, '  Ikam.  Opb.  Soe.,'  is,  1S7. 
TOL.  I.  11 
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and  walking.  The  patient  cannot  get  the  sole  and  heel  on  the  ground 
80  as  to  afford  a  nnif onn  base  of  support,  and  keep  his  body  upright 
so  as  to  balance  it.  But  this  contracture  invariably  yields  to  persistent 
efforts  to  walk.  The  palsj  of  the  arms  lasts  longer  than  that  of  the 
legs,  or  ffice  versa,  according  as  the  one  or  other  suffers  most.  The 
excess  of  impairment  of  the  muscles  most  affected  is  often  verj  con- 
spicuous during  recovery.  Improvement  goes  on  for  a  long  time, 
generally  until  recovery  is  perfect,  but  very  rarely  there  is  some  per- 
manent loss  of  power.  It  is  remarkable,  however,  how  almost  complete 
a  recovery  may  take  place,  even  after  the  paralysis  has  been  consider- 
able for  a  year.  The  wasting  lessens  and  power  returns ;  latest  where 
there  is  most  loss  of  irritability,  and  usually  later  in  the  small  muscles 
of  the  hand  than  in  the  muscles  of  the  forearm.  Relapses  are  apt  to 
occur,  but  only  when  the  cause  of  the  neuritis  is  still  in  operation  in 
some  degree,  or  when  the  patient  is  again  exposed  to  it  or  to  some 
adjuvant  cause,  such  as  cold. 

But  the  malady  sometimes  runs  a  very  acute  course,  especially  in 
the  cases  due  to  toxemia  or  to  cold,  so  that  all  parts  of  the  limbs  have 
become  weak  and  the  extremities  powerless  by  the  end  of  seven  or  ten 
days,  and  the  involvement  of  the  nerves  of  the  respiratory  muscles 
may  bring  life  to  an  end  within  a  fortnight,  sometimes  even  within  a 
week.  In  this  form  there  may  be  severe  initial  pain,  not  specially 
related  to  the  regions  afterwards  affected.  In  one  case  it  was  severe  in 
the  back,  in  another  across  the  abdomen.  It  is  probably  a  direct 
effect  of  the  blood-state,  distinct  from  its  influence  on  the  peripheral 
nerves.  Such  cases  bear  considerable  resemblance  to  those  of  "  acute 
ascending  paralysis  "  in  their  course — differing,  however,  in  the  fact 
that  the  ascension  is  up  the  limbs  rather  than  up  the  general  frame. 
Sometimes,  oh  the  other  hand,  the  disease  presents  a  course  far  more 
chronic  than  that  described  above,  and  occupies  many  months  in  its 
development  and  progress.  This  is  often  the  case  with  the  limited 
alcoholic  forms,  especially  the  ataxic  variety,  "  pseudo-tabes,"  and  with 
cases  in  which  the  toxic  agent  is  absorbed  from  without  very  slowly, 
and  its  effect  accumulates  gradually,  as  in  some  cases  of  chronic 
arsenical  poisoning.  Slight  cases,  again,  treated  promptly  have  been 
known  to  recover  in  a  month. 

The  temperature,  usually  raised  in  an  acute  onset  (see  p.  154),  may 
be  normal  in  chronic  cases,  with  or  without  an  occasional  rise,  or  may 
1)e  slightly  raised  during  the  chief  part  of  the  course  of  the  disease. 
A  persistent  considerable  elevation  suggests  some  complication,  such 
as  phthisis,  and  should  lead  to  carefid  and  repeated  examination  of 
the  lungs.  It  may  also  indicate  a  persistence  of  toxemia,  other  indi- 
cations of  which  are  mentioned  among  the  complications  of  the  disease. 

Tfie  Cause  of  Death  in  acute  cases  is  often  palsy  of  the  respiratory 
muscles,  sometimes  aided  by  a  catarrhal  bronchitis,  or  paralysis  of  the 
heart  when  the  vagus  is  affected ;  in  more  chronic  cases  it  may  be 
caused  by  exhaustion,  due  to  chronic  gastric  derangement  and  tha 
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weaiyiiig  effects  of  prolonged  snfformg,  or  the  effects  of  disease  of  the 
spinal  oord.  Pneumonia  frequently  causes  death  in  the  acute  forms, 
and  in  alcoholic  subjects  the  inflammation  of  the  lung  so  often  nms 
a  low  course,  with  extensive  consolidation,  sometimes  bilateral  and 
unusual  in  seat  (as  in  the  middle  lobe  and  central  portions  of  the 
lung),  that  it  is  difficult  to  avoid  the  suspioion  that  its  form  and  course 
are  determined  hj  coincident  neuritis  of  the  pulmonary  branches  of  the 
va^^us,  either  primary  or  secondary  to  the  inflammation  of  the  lung. 
Death  may  result  unexpectedly  from  cardiac  failure  when  no  preceding 
symptcnns  have  suggested  an  affection  of  the  cardiac  nerves,  and  in 
such  cases  there  is  generally  a  coincident  degeneration  of  the  walls  of 
the  heart  Fatal  neuritis  of  the  vagus,  however,  may  occur  very  early 
in  relapses.  Other  coincident  effects  of  chronic  alcoholism  are  frequent 
causes  of  a  fatal  issue,  such  as  cirrhosis  of  the  Uver,  gastric  troublesv 
and  chronic  cerebral  meningitis  in  cases  of  alcoholism,  or  aoetonflsmia 
in  cases  of  diabetic  polyneuritis.  Various  morbid  blood-states,  causing 
the  neuritis,  may  continue  and  cause  death.  Lastly,  phthisis  is  a  fve- 
quoit  cause  of  death,  and  probably  varies  in  the  relation  it  bears  to 
the  neuritis,  sometimes  being  its  consequence,  and  sometimes  appa- 
lently  a  coincident  effect  of  some  obscure  cause. 

C0KPLIG1.T10HS. — ^The  chief  of  these  have  been  just  enumerated  in 
the  list  of  the  causes  of  death.  The  most  important  in  alcoholic  cases 
are  the  effects  of  alcohol  on  various  organs  and  tissues,  especially  on 
the  liver,  hearty  and  spinal  cord.  It  is  very  common  to  find  the  liver 
enlarged,  sometimes  very  large ;  less  commonly  it  is  contracted.  The 
enlarged  liver  may  be  either  fatty  or  fibroid.  Ascites  and  other  effects 
of  portal  obstruction  are  much  less  frequent  complications  than  might 
be  expected,  perhaps  because  it  is  rare  to  have  mucb  contraction  of  the 
new  tissue  in  the  liver.  The  Mdnejrs  also  are  often  diseased.  Ghwtrio 
catarrh  with  its  varied  symptoms,  morning  vomiting,  anorexia^  and  the 
Bke,  is  very  common.  So  also  are  the  several  effects  of  gout  due  to 
the  alcoholism  or  to  metallic  poisons  when  these  have  been  the  cause 
of  the  neuritis  (as  lead,  or,  as  in  one  case  under  my  notice,  silver). 
On  the  part  of  the  nervous  system  there  may  be  various  subacute  and 
chronic  forms  of  inflammation  of  the  substance  of  the  spinal  oord  or  of 
its  membranes,  the  common  manifestations  of  which  are  to  a  large  ex- 
tent prevented  by  the  affection  of  the  nerves.  The  most  important,  the 
trunk  girdle-pains  and  the  affection  of  the  sphincters,  are  further  con* 
sidered  in  the  section  on  Diagnosis.  Ohronic  cerebral  meningitis  is  also 
common,  and  usually  fails  to  produce  its  common  manifestation,  pain, 
even  when  marked  and  extensive  opacity  of  the  membranes  and  increase 
of  fluid  are  found  after  death.  It  usually  causes  some  chronic  mental 
disturbance,  often  slight  optic  neuritis,  and  sometimes  general  convul- 
sions. But  mental  change  is  also  common  as  a  direct  effect  of  the 
alcohol  on  the  brain ;  distinct  delirium  tremens  often  coincides  with  the 
onset  of  the  neuritis.  In  most  alcoholic  cases,  indeed,  the  merrtal  state 
is  unnatural;  the  patient  is  irritable,  intolerant  of  pain,  and  deficient  in 
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self -eontroL     Various  manif estationB  of  hjBteria  ooour  in  women*  and 

a  peculiar  chi- dish  jocularity  is  suffioienilj  oommon  to  deserve  special 
mentioii.  The  craying  for  withheld  stimulants  increases  the  irritahilitj, 
and,  in  the  case  of  women,  previous  training  in  dupUoitj  in  order  to 
obtain  alcohol  has  usuallj  induced  a  general  deterioration  of  the  moral 
sense,  which  has  results  that  startle  those  who  have  been  socoesafuUj 
d3oeived.  Mental  change  is  for  the  most  part  absent  in  the  cases  due 
to  cold  (save  ia  some  in  which  there  is  an  intense  Uood-change),  and 
in  those  produced  by  metallic  poisoning ;  but  it  occurs  frequently  in 
toxsBmic  cases,  generally  in  the  form  of  simple  delirium,  and  is  appa* 
rently  due  to  a  simultaneous  actif/n  of  the  morbid  agent  on  the  oells  of 
the  brain.  A  persistent  morbid  blood-state  may  cause  endocarditis 
and  other  consequences. 

Phthisis  is  also  a  very  frequent  complication ;  its  double  relation  to 
the  neuritis  has  been  abready  mentioned.  The  form  of  lung  disease 
met  with  in  neuritis  presents  no  special  peculiarities,  except  that  low 
pneumonic  changes  play  a  considerable  part  in  the  morbid  process. 
Acute  pneumonia  is  also  common,  and  in  the  cases  in  which  it  does 
occur  almost  always  fatal. 

Pathological  Anatomy. — The  changes  in  the  nerves  correspond  to 
those  already  described  in  the  account  of  neuritis,  with  the  exception 
that  the  chief  changes  of  isolated  neuritis  are  in  the  connective  tissue^ 
and  especially  in  the  sheath ;  and  those  in  the  nerve-fibres  are  subor* 
dinate.  In  bilateral  neuritis  the  connective  tissue  presents  yery  trifling 
changes.  Some  variations  are  met  with  in  this  respect ;  when  the  dis- 
tribution of  the  affection  is  not  strictly  symmetrical,  the  sheath  and 
interstitial  tissue  suffer  in  greater  degree ;  in  proportion  to  the  acute- 
ness  and  symmetry  of  the  symptoms,  the  changes  are  restricted  to  the 
nerve-elements,  and  the  connective  tissue  is  \mchanged«  but  in  some 
cases  both  the  connective  tissue  and  nerve-fibres  are  involved,  as  in 
Fig.  59.  This  is  also  the  condition  when  there  is  acute  inflamma- 
tion spreading  from  the  one  constituent  to  the  other,  as  in  the  oaso 
of  fatal  septicsemic  neuritis  recorded  by  Roth  (see  p.  148).  In  the  vast 
majority  the  nerve-elements  are  affected  chiefly  or  even  exdusively; 
the  changes  are  essentially  "parenchymatous,"  It  is  remarkable, 
indeed,  how  slight  is  the  affection  of  the  connective  tissue  and  sheath, 
even  in  nerve-trimks  that  have  been  extremely  tender.  Hence  it  is 
probable  that  this  tenderness  is  often  due  to  changes  in  the  nerves  of 
the  sheath,  the  "  nervi  nervorum,"  similar  to  that  which  the  pn  |)er 
conducting  fibres  of  the  nerve  undergo,  rather  than  to  an  inflammation 
of  the  connective  tissue  itself. 

Naked-eye  changes  are  present  only  when  the  conneotive  tissue  and 
sheath  are  inflamed  in  considerable  degree.  In  recent  and  acute  cases 
of  this  character  the  nerves  may  be  found  reddened,  swollen,  and 
sometimes  small  haemorrhages  are  visible.  In  older  cases  they  may  or 
may  not  be  swollen,  but  are  usually  softened,  and  even  pulpy.    WliflQ 
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Htm  ohanges  are  oonfinod  to  the  norre-fibrea,  diminialied  consistenoe 
maj  be  the  onlj  alteration  that  oan  be  reoognised  on  simple  examina- 
tion ;  and  often  this  is  absent,  and  the  nerres  appear  normal  on  external 
examination,  even  when  their  fibres  are  extensiyely  disintegrated. 
Sometimes  under  a  low  magnifying  power  a  section  of  the  nerve  has  a 
mottled  aspect,  dne  to  the  irregular  destruction  of  the  fibres. 

When  the  connectiTe  tissue  is  involved  the  microscope  shows  the 
sheath  to  be  infiltrated  with  lymphoid  cells,  and  in  old  cases  many 
spindle-cells  and  fibres  increase  the  bulk.  The  same  changes  may  be 
traced  in  the  septa  between  the  fasciculi,  and  in  the  secondary  sheaths 
that  Burroimd  the  latter.  The  walls  of  the  vessels  are  also  thickened 
(Fig.  59,  ▲).  When  mere  acuteness  of  parenchymatous  neuritis  causes 
the  connective  tissue  to  be  inflamed,  the  interstitial  tissue  and  inner 
part  of  the  sheath  are  chiefly  affected,  and  an  amorphous  "  exudation  " 
may  be  found  in  these  situations.  But  the  fibres  themselves  always 
suffer  in  conspicuous  degree ;  and  in  the  majority,  as  in  the  case  from 
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Fie.  SO-^lfaHfple  alcoViolio  n^uHtii:  sections  i^inpd  with  eArmine  ard  rienred. 
▲•  TrADsverie  section  of  pnrt  of  scintic  nerve;  low  power,  b.  Part  of  a  fHs- 
oioulns  of  same,  more  highly  magnified,  a  Part  of  a  less  affected  fHScic»1us 
from  H  moscQlo>8piral  nerre. 

which  Figs.  59  and  60  are  drawn,  they  sufibr  chiefly,  the  int^rstitip) 
tissue  presenting  comparatively  little  change.  In  this  case  the  changes 
were  not  purely  toxic ;  there  was  a  complex  state,  combining  inflamma- 
tion of  the  fibrous  elements  of  the  nerves  with  the  purely  parenchyma- 
tous change.  The  patient  was  a  woman  aged  thirty-three,  alcoholic ; 
the  ooune  of  the  disease  was  subacute;  the  symptoms  reached  a 
considerable  degree  in  a  few  weeks,  and  the  patient  died,  chiefly  from 
coincident  liver  disease,  five  months  after  the  onset.  The  svmptoms 
were  oharacteristic,  and  continued  up  to  the  time  of  death.  The 
fibres  present  the  alterations  met  with  in  all  acute  forms  of  neuritis, 
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essentiallj  the  same  as  that  which  occurs  after  an  injniy  to  a  nerves 
represented  in  Figs.  83  and  84  (p.  66),  and,  associated  with  inflam« 
mation  of  the  sheath,  in  Fig.  44  (p.  88).  Examination  in  the  recent 
state  reveals  abundant  products  of  the  degeneration  of  the  fibres, 
granule  corpuscles,  &o.  There  is  a  slight  increase  in  the  oonnectiye 
tissue  between  the  fasciculi ;  the  area  of  these  is  occupied  bj  ti-acts  of 
interstitial  tissue,  which  under  a  higher  magnifjing  power  (b)  have  a 
branching  form,  enclosing  spaces  which  haye  been  occupied  by  nerre- 
fibres,  and  in  some  of  which  health  j  fibres  still  remain  (c).  llie  space 
between  this  tissue  is  occupied  by  the  products  of  degeneration  of  the 
fibres,  but  these  are  rendered  inyisible  bj  the  clearing  process,  and  onlj 
faint  indications  of  their  outline  can  be  seen  (b).  In  sections  stained 
with  osmic  acid  and  mounted  in  gljoerine  (Fig.  60)  these  products  of 
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¥ia.  60. — Sections  f'roui  the  same  selatio  nenre,  stained  with  osmie  add  and  moanted 
in  glycerine,  a.  Fa^icalas  under  low  power.  B.  Part  of  »  fascicoloa  more 
highly  magnified.  0.  Loogitndinal  seotioa  of  nerve-fibrea.  (From  aeeUona 
prepared  by  Dr.  Beevor.) 

degeneration,  stained  dark,  are  oonspicuous.  Under  a  low  magnifying 
power  (a)  a  fasciculus  is  seen  to  be  studded  with  black  granular  spots, 
elongated  where  the  fibres  are  divided  obliquelj ;  the  increase  in  the 
tissue  between  these  degenerated  fibres  is  distinct;  aggregations  of 
mjelin  are  seen  in  the  connective  tissue  between  the  fiwciculL  Under 
a  higher  power  (b)  the  dark  spots  are  seen  to  be  the  sections  of 
degenerated  nerve-fibres,  in  some  places  two  or  more  being  blended 
into  a  larger  mass.  In  a  longitudinal  section  (o)  the  process  of 
degeneration  of  the  fibres  is  more  distinctly  seen,  and  from  it  the 
appearance  of  the  transverse  section  can  be  better  understood.  The 
white  substance  is  broken  up  and  enlarges  the  fibres  at  some  places, 
while  at  others  it  has  been  removed,  and  the  sheath  is  left  empty. 
Bound  masses  of  mjelin  lie  (on  the  left)  outside  the  fibres.  The 
nuclei  of  the  fibres  are  enlarged ;  one,  of  considerable  size,  is  seen  in 
the  centre  of  the  figure.  Connective-tissue  fibres  and  cells  lie  between 
the  nerve-elements,  and  near  the  sheath  are  round  and  spindle  cells 
containing  mjelin  granules  and  globules  which  thej  have  tak^i 
up  (B). 

The  distribution  of  the  changes  in  the  nerves  varies  much  in 
different  cases.    The  signs  of  inflammation  of  the  sheath  maj  ezigt 
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only  in  the  larger  and  medium  sized  nerves  of  tlie  limbs,  and  in  the 
smaller  nerves  the  changes  maj  be  confined  to  the  nerve-fibres.  These 
maj  be  traced  down  into  the  intra-muscular  nerves  and  their  endings. 
On  the  larger  nerves  the  signs  of  inflammation  of  the  sheath  are  most 
intense  at  certain  spots,  espedallj  (as  in  simple  neuritis)  where  a 
nerve  tains  round  a  bone,  or  passes  through  a  fascia,  or  divides, 
or  in  the  neighbourhood  of  joints,  their  situation  being  probably 
determined  by  mechanical  influences.  Ab  a  very  rare  complication, 
changes  in  visceral  nerves  have  been  observed.  Severe  colic  after 
influenza  was  found  to  be  attended  by  signs  of  inflammation  in  the 
nerves  and  ganglia  in  the  abdomen.* 

In  all  cases  in  which  the  affection  is  chiefly  of  the  nerve-fibres  them* 
selves  the  changes  are  usually  intense  in  the  peripheral  parts  of  the 
nerves,  and  as  the  nerves  are  examined  farther  from  the  periphery  the 
alterations  become  progressively  slighter,  and  the  proportion  of  normal 
fibres  larger,  until  the  morbid  appearance  ceases.  The  centripetal 
extent  of  the  disease — that  is,  the  degree  in  which  the  larger  trunks 
are  affected — ^varies  according  to  the  duration  and  severity  of  the  case. 
If  the  nerve-fibres  could  be  isolated  and  seen  like  the  branches  and 
twigs  of  a  tree,  as  they  separate  in  the  peripheral  ramifications,  we 
should  see  the  endings  and  twig-like  branches  withered,  and  as  the 
branchlets  become  larger  and  hurger  by  junction  they  would  assume 
a  more  and  more  normal  aspect  until  the  larger  branches  appear 
perfectly  naturaL  The  size  of  branch  to  which  the  change  extended 
would  vary  according  to  the  severity  of  the  case.  In  some  instances 
even  those  of  largest  size  would  present  some  alteration,  while  in  others 
the  small  twigs  would  be  withered  in  a  considerable  part  of  the  tree, 
although  the  change  did  not  extend  beyond  theuL  In  a  tree  the  leaves 
would  drop  off  equally  whether  the  twigs  only  were  diseased  or  the 
branches  also;  and  so  the  muscles  suffer  equally  whether  the  nerve 
degeneration  is  limited  to  the  periphery  or  extends  to  the  nerve-trunks. 
In  the  case  from  which  the  illustrations  are  taken  even  the  sciatic 
nerve  presented  few  healthy  fibres ;  but  here,  as  usual,  the  anterior 
roots  were  healthy.  This  limitation  to  the  peripheral  extremities  of 
the  nerves  is  met  with  in  slight  cases  of  considerable  duration,  but 
also  in  some  severe  cases  of  very  brief  duration.  For  instance,  in  a  case 
accompanied  by  pneumonia,  and  fatal  in  seven  days,  the  only  change 
found  was  in  the  fibres  themselves  within  the  muscles ;  it  was  a  motor 
parenchymatous  neuritis.  The  character  of  the  changes  is  also  in  fluenced 
by  that  of  the  nerve-fibres  involved.  If  the  affection  is  partial,  as  in 
the  ataxic  or  the  purely  motor  forms,  the  mixed  nerves  contain  many 
healthy  fibres  mingled  with  those  that  have  undergone  atrophy. 
When  the  symptoms  are  both  motor  and  sensory  almost  all  the  nerve- 
fibres  are  found  to  have  suffered. 
The  nerves  of  the  limbs  alone  present  changes  in  the  majority  of 
B.  but  in  severe  and  acute  cases  almost  any  nerves  may  suffer,  and 
*  Fer^^uioa,  *Alienibt  and  NeuroL,'  1890. 
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this  in  iride  exteat.  The  corresponding  nerres  on  the  two  aidea  an 
almost  always  affected.  '1  lie  musculo-spiral  nerre  in  the  arm  and  the 
anterior  tibial  nerre  in  the  leg  usually  suffer  first  and  in  greatest 
degree,  bnt  often  all  the  terminal  nerres  of  the  limbs  are  inTolred  in 
some  measure;  in  the  lower  leg  the  anterior  tibial  almost  always 
presents  more  change  than  the  other  nerves  of  the  same  leyel,  and  in 
the  thigh  the  sciatic  more  than  the  anterior  cruraL  In  the  arm  the 
median  and  mnsculo-spiial  and  ulnar  all  suffer,  but  the  alteration  in 
these  nerves  in  the  upper  arm  may  be  slight  when  it  is  considerable  in 
their  branches  in  the  forearm.  The  changes  occasionally  met  with  in 
other  nerves  correspond  to  their  implication,  as  described  in  the  aection 
on  symptoms.  Various  irregularities  in  distribution  are  met  with  in 
cases  dependent  on  special  features  of  the  causal  toxine,  the  varieties 
of  which  are  extremely  ntmierouSy  as  we  are  only  now  beginning  to 
peroeiva 

Central  Changes  axe  sometimes  met  with.  There  may  be  acute  or 
chronic  inflammation,  synchronous  effects  of  the  cause  of  the  neuritis. 
An  example  of  such  myelitis  in  figured  in  the  chapter  on  chronic 
myelitis  at  a  later  page.  More  important  and  at  present  more  obscure 
are  alterations  in  the  central  elements  on  which  the  nutrition  of  the 
neuron  depends,  of  the  same  parenchymatous  nature  as  the  peripheral 
changes.    Capillary  hsemorrhages  have  also  been  found.* 

The  MuicUs  present  changes  of  the  same  character  as  those  which 
result  from  ordinaiy  neuritis  (see  p.  70).  They  are  paler  than  normal 
and  smaller  in  bulk.  The  fibres  are  reduced  in  size,  and  pale ;  the 
transverse  striation  may  be  preserved,  or  they  may  be  granular; 
normal  fibres  may  be  found  side  by  side  with  those  iliat  are  degene- 
rated. The  nuclei  of  their  sheaths  and  of  the  iaterstitial  tissue  may  be 
increased  in  number,  and  often  are  arranged  in  groups ;  and  sometimes 
a  quantity  of  such  nuclei  and  leucocyte- like  cells  may  separate  widefy 
the  fibres,  and  granular  and  pigment  masses  may  accumulate  between 
them.  In  very  acute  cases  the  changes  in  the  muscles  may  be  greats 
and  alike  parenchymatous  and  interstitial ;  the  fibres  presenting  loss 
of  their  striation  with  fatty  and  granular  degeneration,  while  there 
may  be  a  great  increase  in  the  amount  of  the  interstitial  tissue,  espe- 
cially of  its  nuclear  elements — ^^  acute  interstitial  myositis."t  ^'hia 
change  is  described  at  a  later  page  (p.  185). 

In  many  cases  there  has  been  merely  a  general  increase  in  the  con- 
nective  tissue  throughout  the  cord,  which  has  been  in  some  instances 

*  Pal, '  Near.  Cent.,'  1891.  He  also  found  degeneration  iu  the  lateral  and  posterior 
eolnmns,  and  similar  alterations  have  been  since  described  by  othsrs. 

Ballet*  '  Prog.  Med.,'  1896,  Nos.  18—26.  A  controverij  has  arisen  aneh  aa  to 
eaase  tome  French  obseryers  to  be  termed  **  ceMtrnliste,"  and  others  **  peripheralifite,** 
the  one  holding  that  the  cell  is  the  first  to  be  affected,  and  that  the  peripheral  part 
suffers  secondarily ;  while  the  others  maintain  that  the  normal  aspect  of  the  ntfnre- 
ruMts  is  incompatible  with  this  Tiew.  Ballet  discossea  the  ^neslion»twt  withoal 
deciding  it. 

t  Bee  Senator,  *  Zeitschr.  f.  kl.  Med.,'  1889. 
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greaiar  in  one  region  tban  dsewhere,  and  eipeciallj  marked  in  the 
posterior  columns.  Such  alterations  are  most  marked  in  chronic  cases 
in  which  the  symptoms  hare  continued  for  months,  and  espeoiallj  in 
those  due  to  chronic  alcoholism,  or  in  which  life  has  been  prolonged  in 
a  state  of  disability. 

Other  organs  are  often  found  diseased,  and  in  alcoholism  the  lesions 
common  in  that  disease  are  generally  found  in  some  degree,  especially 
alterations  in  the  UTer  and  kidneys.  The  former  may  be  large  and 
either  cirrhosed  or  fatty ;  the  kidneys  are  generally  large  and  opaque, 
sometimes  with  fatty  strim  in  the  cortex.  Pneumonia  is  frequent 
both  in  these  and  in  a)l  cases  due  to  causes  that  induce  an  intense 
change  in  the  blood.  In  these  there  may  also  be  enlargement  of  the 
spleen,  such  as  is  met  with  in  typhoid  fever  and  septicsBmia.  Phthisical 
changes  in  the  lungs  are  also  common  in  chronic  cases,  both  in  those 
that  are  due  to  alcohol  and  in  others.  No  special  peculiarity  has  been 
obserred  in  the  pulmonaiy  lesion,  but  it  is  T617  desirable  that  more 
attention  should  be  paid  to  the  state  of  the  nerves  of  the  lungs 
entering  the  diseased  parts.  When  not  otherwise  diseased,  the  lungs 
are  generally  found  to  be  the  seat  of  terminal  congestion  and  osdema. 
The  walls  of  the  heart  may  be  degenerated,  and  alterations  may  some- 
times be  found  in  its  nerves. 

P^THOLOGT.— An  outline  of  the  chief  facts  in  the  pathology  of  mul- 
tiple neuritis  has  been  given  in  the  introductory  section,  and  not  much 
remains  to  be  added.  The  relation  of  the  motor  symptoms  to  the  lesion 
of  the  nenres  has  also  been  described  in  the  general  accoimtof  diseases 
of  the  nerves,  and  in  the  description  of  isolated  neuritis ;  all  that  has 
been  said  of  the  single  form  is  true  also  of  that  which  is  multiple. 
The  wasting  that  accompanies  the  loss  of  power,  and  the  change  in 
electrical  irritability,  are  the  same  in  each.  In  each  it  is  time,  more- 
over, that  the  position  of  the  lesion  in  the  course  of  the  nerve-fibre 
makes  no  difference  to  the  symptoms ;  these  are  the  same  whether  the 
disease  is  in  ihe  trunk  of  the  nerve,  the  peripheral  fibres,  or  the  actual 
nerve-endings.  The  relation  of  the  ataxy  in  the  pseudo-tabetic  form 
to  a  neuritis  of  the  afferent  muscular  nerves  is  proved  partly  by 
exclusion,  partly  by  analogy,  since  in  true  tabes  the  lesion  may  be 
confined  to  these;  the  spinal  cord  may  be  free,  and  only  the  peri- 
pheral nerres  diseased.  The  evidence  for  this  will  be  described  in  the 
geuexal  account  of  the  functions  and  symptoms  of  diseases  of  the 
spinal  cord,  and  in  the  chapter  on  locomotor  ataxy — a  disease  which 
sometimes  not  only  rescmbks,  but  is  almost  identical  with,  the  pseudo- 
tabetic  form  of  neuritis.  The  pains  and  hypersesthesia  are  explained 
by  the  fact  that  the  disease  of  the  nerves  is  one  in  which  the  nerve- 
fibres  themselves  suffer  primarily,  and  that  on  them  the  cause  must 
have  a  primary  and  direct  action.*    An  influence  which  leads  to  the 

•  In  Ui«  Ant  sdltioii  I  snggetfted  that  the  degeueration  of  tome  of  the  fibres 
Bight  be  seooudary  to  thoir  damage  by  the  inflanimation  of  the  sheath  and  Inter- 
•titUI  tiisne  at  suaiie  higher  spot.    But  this  now  Mems  very  milikelyi  11  U  far 
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molecular  destruction  of  the  nerve-fibres  must,  in  destroying  their 
structure,  disturb  gravelj  their  function;  and  this  disturbance  of 
structure  and  of  function  proceeds  in  the  parts  still  connected  with 
the  nerre-centres,  so  that  the  irritative  in^uence  of  the  molecnlar 
changes  can  act  on  the  centres  bj  the  normal  upper  parts  of  the 
nerves  throughout  the  whole  course  of  the  maladj.  It  induces  in  the 
centres,  as  all  prolonged  pain  does,  an  undue  readiness  of  action,  a 
state  of  over-excitability;  and  so  we  can  imderstand  the  persistence 
of  the  pains  and  hjpersesthesia,  and  the  fact  that  these  continue 
until  the  process  of  restoration  has  become  definitely  established. 
The  same  considerations  apply  to  the  tenderness  of  the  muscles,  since 
the  afferent  muscular  nerves  correspond  in  the  direction  of  their 
function  to  the  sensory  nerves  of  the  skin.  In  both  cases  mechanical 
iofiuences  constitute  the  chief  mode  of  their  normal  stimulation,  and 
hence  they  may  well  be  morbidly  sensitive  to  such  influences.  The 
peripheral  distribution  of  the  changes  indicates,  moreover,  that  pro- 
bably the  first  to  suffer  are  those  in  which  functional  susceptibility 
is  most  highly  developed — the  actual  endings  of  the  nerves,  and  the 
structures  which  are  especially  adapted  for  the  reception  of  stimuli 
and  the  production  of  nerve-force. 

We  have  seen  that  two  facts  give  us  the  key  to  the  pathology  of 
the  disease*  so  far  as  this  is  yet  understood.  One  is  its  symmetry ; 
the  other  is  the  fact  that  it  is  commonly  a  disease  of  nerve- fibres — 
that  these,  and  not  the  connective  tissue,  are  the  parts  primarily  and 
specially  diseased.  In  all  structures,  in  proportion  to  the  intensity 
and  acuteness  of  the  parenchymatous  affection,  the  interstitial  tissue 
participates  in  the  changes,  and  escapes  in  proportion  to  its  slownt^ss 
and  slightness.  The  extent  to  which  this  is  true  of  multiple  neuritis 
has  been  already  pointed  out,  Further,  in  its  relation  to  a  morbid 
blood-state  as  its  sole  cause,  we  have  the  key  to  the  symmetry  of 
the  affection  as  well  as  to  its  parenchymatous  nature,  and  on  this 
point  there  remains  little  to  add  to  what  has  been  already  said. 
Such  a  limitation  to  the  nerve-fibres  as  is  seen  in  multiple  neuritis 
if  unknown  in  the  isolated  form,  in  which,  as  in  gouty  or  syphilitic 
neuritis,  the  affection  is  chiefly  one  of  the  sheath  and  interstitial 
connective  tissue;  and  the  fibres  suffer  only  secondarily  in  chronic 
cases,  although,  in  accordance  with  the  law  already  stated,  they  are 
involved  in  acute  cases  in  proportion  to  the  intensity  of  the  process. 

It  is  not  surprising  that  the  symptoms  of  polyneuritis  should 
bear  so  close  a  resemblance  to  those  of  some  affections  of  the  spinal 
cord,  since  we  must  regard  the  peripheral  nerves,  at  least  the  motor 
fibres,  as  essentially  outlying  parts  of  the  cord,  and  it  will  be  seen 
that  one  central  disease,  primary  lateral  sclerosis,  presents  many 
points  of  correspondence  with  the  chronic  form  of  polyneuritis,  being 

more  probable  tbat  hU  the  fibres  suifer  in  the  sauie  way,  and  the  more  thoroughly 
cases  are  itadicd  tlie  mure  clearly  does  it  appear  that  all  tymmetrical  nearitit  ia 
peripheral  and  parenchymatous. 


PATHOLOGY,  171 

an  ftffeotioaof  the  fibres  proceeding  from  the  motor  cells  of  the  brain 
analogous  to  that  of  the  fibres  proceeding  from  the  motor  cells  of  the 
oord.  We  can  understand  the  peripheral  distribution  of  the  disease 
bjr  the  fact  already  pointed  out — ^that  the  nerve-fibres  are  really  the 
polonged  processes  of  the  ner\re-cells,  sharing  the  life  of  the  cell,  and 
depending  on  it  for  their  vitality.  I'he  influence  on  which  their  life 
dq>ends  must  lessen  with  the  distance  from  its  source,  and  hence  their 
tI^  power  of  resisting  morbid  agencies  is  least  at  the  periphery. 
The  conditions  of  life  of  the  sensory  fibres,  it  need  hardly  be  pointed 
out,  differ  little  from  those  of  the  motor,  since  the  ganglia  containing 
their  cells  are  near  the  cord,  and  almost  as  far  from  the  periphery  as 
are  the  motor  nerve-cells.  This  fact  also  has  a  relation  to  the  paren- 
chymatous nature  of  the  disease,  since  we  can  find  no  reason  why  the 
connective  tissue  of  the  nerves  should  suffer  most  at  the  extreme 
periphery.  On  the  contrary,  the  inflammations  that  begin  in  the 
sheath  are  generally  situated  in  the  course  of  the  nerves,  at  some  spot 
exposed  to  the  influence  of  an  exciting  cause  such  as  pressure  or  motion. 
The  same  fact  (that  the  cause  is  a  blood-state)  affords  also  an  explana- 
tion of  many  facts  of  distribution.  In  addition  to  the  points  already 
mentioned  it  is  only  necessary  to  point  out  how  common  are  instances 
of  selective  action  of  toxic  agents  upon  various  parts  of  the  nervous 
system ;  and  analogy  prevents  us  from  feeling  any  difficulty  in  at  least 
accepting  the  fact  that  a  blood-state  should  act  upon  one  set  of  nerve- 
fibres  rather  than  upon  another,  or  on  the  fibres  for  the  extensors,  or 
even  first  and  chiefly  on  only  some  of  the  nerve-fibres  of  a  certain  set 
of  muscles.  We  do  not  yet  know  what  are  the  influences  that  deter- 
mine such  susceptibility,  but  it  is  probable  that  a  very  slight  difference 
in  nature  is  sufficient  to  determine  a  very  great  difference  in  the  result 
The  fact  of  symmetry  excludes,  as  we  have  seen,  any  other  causal 
influences  than  those  which  act  through  the  blood,  or  consist  in  a  vital 
tendency,  and  act  on  all  stnictuies  with  similar  vital  conditions.  We 
know  nothing  as  yet  of  the  precise  character  of  the  morbid  influence 
which  causes  the  malady,  beyond  the  facts  mentioned  in  the  intro- 
ductory section.  1  he  greatest  difficulty  is  presented  by  the  fact  that  a 
poison  generated  through  exposure  to  cold,  or  possibly  by  a  growth  of 
organisms  in  the  body,  should  have  an  influence  similar  to  that  which 
is  exerted  by  metals  or  by  alcohoL  At  the  same  time  it  is  instructive 
to  note  that  the  most  recent  researches  in  bacteriology  point  to  the  pro- 
duction of  chemical  substances  by  the  disease-causing  organisms  in  the 
course  of  their  growth,  and  suggest  that  these  chemical  products, 
rather  than  the  organisms  themselves,  act  upon  the  nerves.*  Alcohol, 
it  may  be  further  noted,  is  itself  the  result  of  the  growth  of  organisms 
almost  as  low  in  the  scale  as  those  which  are  the  causes  of  disease ;  the 
process  of  the  growth  of  bacteria  in  the  body  may  be  not  unlike  a 
process  of  fermentation,  and  the  results  of  the  one  not  unlike  those  of 
the  other.  The  analogy  is  the  more  pertinent,  since  multiple  neuritis 
•  A  theory  appareiuly  tiret  suggeited  by  Uosenheim, '  Arclu  f.  Psych.,*  xviii,  8. 


172  Hai.TlPL8  NEUBITIS. 

is  not  known  to  Iw  excited  hj  anj  oihor  ovgwnio  poiion  tiuun  tbal 

which  is  so  produced. 

The  fonns  of  poljnetoritis  ascribed  to  Munnia  and  oaohezia,  A&« 
may  be  a  simple  failure  of  nutrition  in  those  stracturss  of  the  nervous 
system  that  are  farthest  removed  from  the  centres ;  but  the  posaibilitgr 
muflt  not  be  forgotten  that  imperfect  tissue  changes  maj  generate  a 
toxic  agent  capable  of  acting  on  these  nerres*  analogous  to  that 
assumed  to  be  effective  in  diabetes.* 

The  changes  in  nutrition  are  sufficienUj  explained  by  the  alterations 
found  in  the  nerves,  in  accordanoe  with  the  genersl  &ets  of  trophic 
disturbance  stated  at  pp.  27  and  88.  That  in  the  muscles  corresponds 
in  distribution  to  the  changes  in  the  motor  nerves,  that  in  the  skin  and 
joints  to  those  in  the  sensory  nerves.  All  trophic  changes  which 
result  from  ordinary  nerve-lesions  must  be  ascribed  to  the  propagation 
downwards  ofthe  influence  of  the  defective  and  abnormal  nutrition;  and 
hence  it  necessarily  follows  that  such  abnormal  nutarition,  beginning  in 
the  nerve-endings,  should  have  a  similar  influence,  since  it  is  through 
those  nerve-endings  that  the  effects  of  higher  lesions  are  transferrod 
to  the  tissues.  The  law  already  stated  holds  good  here  also, — ^that 
changes  in  nutrition  are  in  proportion  to  the  intensity  and  acuteness  of 
the  disturbance  in  the  nerves.  All  that  has  been  said  regarding  such 
changes  in  the  skin,  in  diseases  of  isolated  nerves,  is  true  also  of  the 
multiple  form,  and  even  more  clearly  in  the  case  of  the  motor  nerves 
and  muscles.  The  more  acute  the  process  in  the  nerves,  the  moi^ 
intense  is  the  change  in  the  muscular  tissue.  One  special  point,  indeed, 
arises  in  this  connection.  Although,  in  yexy  acute  isolated  neuritis, 
the  muscles  may  undergo  the  same  intense  and  destructive  changes 
seen  in  the  most  acute  forms  of  multiple  neuritis,  it  is  possible  that 
the  extreme  changes  in  the  latter  are  sometimes  a  result  and  evidence 
of  a  direct  action  of  the  blood-poison  on  the  muscular  tissue  itself.t 
There  are  some  facts  of  both  physiology  and  pathology  which  suggest 
what  may  be  called  a  certain  d^;ree  of  solidarity  of  relation  between 
the  substance  of  the  nerve-endings  and  that  of  the  muscular  fibres  on 
which  they  terminate.  This  may  lead  to  a  common  susceptibility  to 
suffer  from  the  same  morbid  influence,  so  far  less  in  the  muscle  that 
only  when  the  influence  is  very  intense  does  its  nutrition  suffer  directly 
to  a  considerable  extent. 

Diagnosis.— There  are  few  diseases  in  which  an  early  diagnosis  is 
of  greater  importance.  Prompt  treatment  would  save  many  patients 
from  months  of  suffering  and  disability,  since  the  removal  of  the  cause 

*  This  annlogj  b  borne  out  by  the  occarretioo  of  degmemtiye  cbanges  in  the 
spinal  cord,  occarrlng  In  auociation  with  profound  ansmia,  as  described  by  Uchfe- 
beim  and  others. 

t  Thie  suggestion  has  been  made  by  Soemerling  as  an  explanation  of  the  very 
Intense  ehanges  found  In  the  muscles  In  one  acnte  case.  In  beri-ber!  the  change  in 
the  cardiac  mascle  ie  not  infrequenUj  very  great,  and  quite  out  of  proportion  le 
that  fonnd  in  its  nerves. 
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I  with  oertainty,  dorfaig  a  gradual  onaet,  a  qtnbk  ramoral  of  the 
ujmptomB,  whereai  its  effect  on  the  developed  difease  is 'manifested 
much  more  sloirly.  Thsie  remarks  applj  especiallj  to  the  alcoholic 
caMB»  bat  in  some  of  the  others  the  patient  maj  be  saTed  further 
exposure  to  the  cause  if  the  cJisenfle  is  promptly  recognised,  or  early 
treatment  of  the  blood-state  maj  hare  a  considerable  influence  in 
IfiSBening  its  efEeots  upon  the  nerves  and  ameliorating  the  oourse  of  the 
affection. 

The  diagnosis  of  multiple  neuritis  is  becoming  far  less  liable  to  error. 
It  depends  on  the  motor  and  sensory  symptoms  above  described,  their 
correspondence  in  function  and  distribution  in  the  opposite  limbs, 
their  peculiar  sjmmetrioal  localisation  in  the  extremities  in  the  first 
instance,  and  on  the  tenderness  of  the  skin,  nerve-trunlcs,  and  muscles. 
STmmetrioal  weakness  of  the  extensor  muscles  situated  in  the  forearm, 
and  of  the  corresponding  muscles  in  the  lower  leg,  or  of  either  of  these, 
is  the  leading  diagnostic  motor  symptom.  Bilateral  wrist-drop  or 
foot-drop  suggests  multiple  neuritis,  and  hyperwsthesia  or  deep  tender- 
ness gives  strength  to  the  opinion.  It  is,  however,  most  important  to 
ramember  how  widely  the  symptoms  vary  both  in  different  forms  and 
in  different  cases  of  the  same  fonn.  l^e  acute  rapidly  fatal  cases, 
with  palsy  quickly  becoming  general,  are  of  a  type  quite  unlike  the 
chronic  cases  in  which  one  group  of  muscles  on  each  side  suffers  alone ; 
while  there  is  a  positive  contrast  between  the  latter  and  a  case  of 
**  pseudo-tabes,"  in  which  ataxy  and  pains  are  almost  the  only  sym- 
ptoms. In  chronic  cases  the  early  pains  are  often  mistaken  for  those 
of  rheumatism,  and  in  those  of  acute  oourse,  especially  when  due  to 
cold,  these  pains  suggest  the  onset  of  rheumatic  fever  rather  than  of 
any  affection  of  the  nerves.  The  seat  of  the  pains,  however,  is  not 
that  of  rheumatio  pain,  and  their  association  with  tingling  in  the 
extremities  should  excite  a  suspicion  that  they  are  of  nerve  origin  even 
before  muscular  weakness  renders  theur  nature  clear.  It  must  be  again 
pointed  out  that  pain  near  a  joint,  produced  by  movement  of  the 
joint,  is  easily  mistaken  for  pain  in  the  joint,  even  when  it  depends 
entirely  on  tenderness  of  the  adjacent  nerves.  In  some  oases  the  pain 
is  regarded  as  neuralgic,  especially  when  it  is  seated  in  the  arms  and 
hands,  and  is  perceived  to  be  in  the  nerve-trunks  or  branches.  But 
the  general  elements  of  the  diagnosis  between  neuritis  and  neuralgia 
usually  suffice  for  the  distinction,  the  most  important  point  being  the 
persistence  of  tenderness  and  hypenesthesia  in  neuritis,  relative  excess 
of  the  spontaneous  pain,  and  also  the  development  of  symptoms  that 
indicate  damage  to  the  conducting  fibres.  The  bilateral  symmetry  of 
the  pain  should  also  help  to  prevent  error;  true  neuralgia  is  essentially 
a  unilateral  diseaee.  A  gouty  diathesis  may  increase  the  difficulty  of 
the  diagnosis,  especially  in  cases  of  alcoholic  neuritis ;  but  the  pains 
of  gout  are  unequivocally  articular  or  muscular. 

The  symptoms  resemble  most  closely  those  of  certain  diseases  of  the 
spinal  cord,  eepeoiaUy  aoute  and  subacute  inflammation  of  the  grey 
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matter — ^polio-mjelitis.  Until  rooentlj,  indeed,  all  cases  of  multiple 
neuritis  were  looked  upon  as  of  that  nature.  It  is  chieflj  in  the  rheu- 
matic and  toxsemic  forms  that  the  diagoosia  is  reallj  difficult.  In  each 
disease  there  may  be  a  febrile  onset,  muscular  wasting  with  the  reac- 
tion of  degeneration,  initial  rheumatic  pains,  and  a  tendency  to  the 
spontaneous  recovery  of  the  least  affected  parts.  The  distinction  resta 
on  the  symmetrical  localisation  of  the  neuritic  palsy,  while  that  of 
polio- myelitis  is  characteristically  random  in  distribution;  on  the 
persistence  and  severity  of  the  neuritic  pains ;  on  the  tenderness  of 
the  inflamed  nerve-truuks ;  and  on  the  changes  in  sensibility,  a  symptom 
never  present  in  polio-myelitis.  G^ie  electrical  reactions  are  the  same 
in  both  affections.  It  has  been  said  the  early  extinction  of  Yoltaio 
instability  in  the  muscle  (see  p.  72)  is  met  with  only  in  disease  of 
the  nerves,  but  this  is  incorrect ;  I  have  more  than  once  met  with  it 
in  central  affections.  But  we  have  seen  that  it  is  probable  that 
the  nerve-trunks  are  sometimes  inflamed  in  polio-myelitis,  and  suffer 
as  a  simultaneous  effect  of  the  cause  of  the  spinal  lesion.  In  this  con- 
dition, however,  the  spinal  symptoms  preponderate,  and  the  distri- 
bution of  the  neuritis  is  iiregular.  In  all  cases  the  presence  of 
increased  myotatic  irritability,  or  of  the  spasm  in  the  legs  that  accom- 
panies considerable  excess  of  this,  may  be  taken  as  proof  of  disease  of 
the  cord;  all  active  muscular  spasm,  indeed,  has  this  significance. 
Thus  if  the  arms  are  paralysed,  even  though  the  paralysis  closely 
resembles  that  of  polyneuritis,  and  the  l^^s  are  weak,  with  excessive 
knee-jerk  and  foot- clonus,  the  disease  is  of  the  cord,  and  not  of  the 
nerves.  G^ie  greatest  difficulty  is  presented  by  some  sensory  cases 
in  which  there  are  only  tingling  and  numbness  in  the  legs,  and 
also  by  the  problem  of  detecting  cord  disease  in  the  presence  of 
peripheral  neuritis.  The  latter  will  be  considered  further  on.  The 
former  is  generally  decided  by  the  presence  or  ab.<ence  of  the  knee- 
jerk,  and  by  the  fact  that  in  peripheral  neuritis  the  sensory  symptoms 
are  more  peculiar  and  symmetrical  than  in  cord  disease;  there  is 
tingling  or  ansesthesia,  for  instance,  in  the  palms  or  soles,  or  both, 
and  a  careful  examination  of  the  nerves  and  muscles  will  generally 
reveal  a  condition  that  is  characteristic. 

Pachymeningitis,  damaging  the  nerve-roots,  may  cause  paralysis, 
wasting,  and  ansesthesia,  but  in  this  all  four  limbs  are  not  affected; 
tlie  legs  rarely  suffer ;  the  ansssthesia  invades  the  upper  parts  of  the 
limbs  or  the  trunk  as  much  or  more  than  the  distal  parts ;  there  is  no 
tenderness  of  nerve-trunks,  and  there  is  usually  distinct  evidence  of 
damage  to  the  spinal  cord  itself.  The  mysterious  disease, ''  acute  ascend- 
ing paralysis,"  may  resemble  the  most  rapid  form  of  multiple  neuritis, 
but  in  it  the  symptoms  ascend  the  trunk  from  the  legs  to  the  arms,  and 
do  not  begin  in  the  hands  and  feet  at  the  same  time  or  successively,  and 
involve  the  trunk  last,  as  does  the  usual  form  of  multiple  neuritis. 
Many  cases,  perhaps  indeed  most,  are  of  toxic  origin,  and  are  really 
neuritis.     Diphtheritic  paralysis  is  of  imcertain  nature,  but  there  is  no 
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considerable  pain,  and  the  weakness  in  the  limbs  usuallj  sacceeds 
paraljsis  of  the  palate  and  cQiaiy  muscle,  never  met  with  in  other 
forms  of  polyneuritis.  The  distinption  from  other  diseases  (as,  for 
instance,  that  from  the  STmmetrieal  paraljsis  of  the  extensors  which 
may  occur  at  the  onset  of  progressive  muscular  atrophy)  will  be  con- 
sidered when  these  diseases  are  described. 

The  distinction  of  polyneuritis  in  its  ataxio  form,  "  pseudo-tabes,** 
from  true  tabes  is  often  beset  with  great  difficulty.  This  is  indeed 
natural,  since  the  lesion  in  true  tabes  may  be  identical  with  that  in  the 
neuritic  affection;  not  only  is  degeneration  of  the  peripheral  nerves  a 
common  lesion  in  tabes,  having  the  same  distribution  at  the  peripheral 
extremities  of  the  ne.'ves  as  in  polyneuritis,  but  in  the  variety  termed 
**  neuro-tabes  '*  the  lesion  consists  only  in  this  nerve  degeneration,  and 
the  spinal  cord  is  free  from  disease.  We  have,  then*  affections  iden- 
tical in  pathological  anatomy,  and  almost  identical  in  symptoms. 
Tet  we  must  class  the  neuro-tabes  with  the  spinal  form,  from  which 
polyneuritis,  as  here  described,  has  to  be  distinguished ;  it  is  necessary 
to  do  so  on  account  of  the  relations  and  etiology  of  the  two  maladies 
as  well  as  on  account  of  practical  considerations.  The  presence  of 
actual  paralysis,  of  distinct  weakness  of  the  extensors,  in  addition  to 
inco-ordination,  would  of  course  decide  the  question,  since  there  is  no 
actual  loss  of  power  in  tabes :  hence  a  distinction  in  gait  pointed  out 
by  Westphal  and  Charcot,  that  in  pseudo-tabes  the  feet  are  raised  too 
high  on  account  of  the  difficulty  of  getting  the  toes  off  the  ground 
(like  a  person  stepping  over  low  objects),  is  of  little  actual  value ;  it 
only  exists  when  there  is  distinct  loss  of  power.  But  it  is  in  the  cases 
of  neuritis  in  which  there  are  only  sensory  symptoms  that  the 
difficulty  especially  exists.  It  occurs,  moreover,  chiefly  when  the  ataxy 
is  moderate  in  degree;  when  this  is  so  great  that  the  patient  is  not 
able  to  stand  alone,  in  spite  of  the  power  of  moving  all  joints  of  the 
legs  with  fair  force,  true  tabes  should  alone  be  thought  of.  The  cases 
of  tabes  in  which  there  is  moderate  inco-ordination  of  movement, 
distinct  uubveadiness  on,  walking,  whether  increased  by  closure  of 
the  ejea  or  not,  and  distinct  irregularity  and  uncertainty  in  the  move- 
ment of  the  feet  and  l^;s,  are  those  which  are  perfectly  simulated  by 
the  pseudo-tabetic  form  of  polyneuritis.  Pains  are  common  to  the  two 
diseases,  and  neither  prolonged  acute  pain  nor  dull  rheumatoid  pains 
afford  the  means  of  distinction.  True  "lightning'*  pains  are  seldom 
met  with  in  neuritis ;  they  are  therefore  strong  evidence  that  the  case 
is  one  of  tabes.  Extreme  hypersdsthesia  is  much  more  common  in 
neuritis  than  in  tabes,  but  is  of  little  service  in  the  diagnosis  because 
it  is  not  often  present  in  ataxic  polyneuritis,  but  the  muscular  tender- 
ness of  neuritis  is  of  considerable  diagnostic  value.  A  great  excess  of 
the  reflex  action  from  the  skin  is  occasionally  met  with  in  tabes,  the 
lensoiy  impressions  being  painless ;  while  in  ataxic  neuritis  the  reflex 
action  U  seldom  excessive,  and  is  generally  diminished,  while  the 
■eosoiy   impression  is  commonly  painful  from  the   hypersesthesia 
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Some  other  Bjmptoms  are  also  of  Talue  aa  indioationa  of  tabes  rather 
thaa  neuritis, — aa  affection  of  the  sphincters ;  a  sense  of  oonstriotion 
round  the  trunk  (which  may  be  felt  orer  a  wide  area  as  a  band  rather 
than  as  a  cord) ;  and  lastly  (but  among  the  first  in  importance),  the 
reflex  action  of  the  pupil  to  light  is  often  lost — seldom  if  ever  in  neuritis. 
Since  it  may  be  normal  in  tabes,  its  loss  is  of  more  significance  than 
its  presence,  but  the  cases  of  tabes  in  which  it  is  preserved  form  only  a 
small  minority,  so  that  its  preservation  is  often  at  least  corroborative 
evidence  that  the  case  is  one  of  polyneuritis.  Mental  change  is  of  lit  tie 
value  in  the  dia^osis  unless  it  is  in  the  form  of  definite  delirium ; 
but  the  less  common  symptoms  of  tabes,  if  present,  often  afford  proof 
of  the  nature  of  the  malady,  although  generally  in  association  with 
other  symptoms  rather  than  by  themselves.  Optic  nerve  atrophy,  for 
instance,  is  almost  imknown  in  the  neuritic  "  pseudo-tabes,*'  and  so 
also  are  the  various  "  crises : "  care  must  be  taken  not  to  confound 
the  vomiting  of  alcoholic  gastric  disturbance  with  the  gastric  crises  of 
tabes.  The  trophic  changes  differ  in  the  two :  the  tabetic  enlargement 
of  the  bones  and  disease  of  the  joints  are  unknown  in  neuritis ;  and 
so,  in  the  former  affection,  are  the  simple  arthritic  adhesions  and  the 
"glossy  skin*'  of  the  latter.  If  all  the  symptoms  are  considered 
separately  for  their  individual  value,  and  conjointly  for  their  associated 
significance,  it  is  not  often  that  the  observer  will  remain  in  doubt 

One  other  special  diagnosis  should  be  mentioned,  that  for  hysterical 
palsy.  This  occurs  chiefly  in  women  when  the  symptoms  are  motor 
and  are  in  the  legs.  When  in  the  arms,  the  characteristic  situation 
of  the  palsy  usually  attracts  attention  and  prevents  error.  A  defect 
in  the  power  of  extension  of  the  wrist  has  probably  never  been  met 
with  as  a  consequence  of  hysteria.  Slight  ataxy  may,  however,  be 
purely  functional  in  nature,  but  the  knee-jerk  is  not  lost,  and  if  there 
is  aneesthesia  it  is  much  more  extensive  in  the  functional  affection. 

It  is  of  great  importance  to  know  whether  the  spinal  cord  is  suffer- 
ing as  well  as  the  nerves.  The  following  symptoms  are  those  that  are 
the  most  common  and  important  evidence  of  this  complication: — (1) 
Any  impairment  of  the  functions  of  the  bladder  or  reotum^-inoonti- 
nence  of  faeces,  retention  or  incontinence  of  urine.  It  is  not,  indeed, 
improbable  that  their  impairment  may  form  part  of  the  most  intense 
form  of  polyneuritis,  but  it  is  not  part  of  the  ordinaay  phenomena  of 
the  disease ;  hence,  in  such  cases,  these  symptoms  suggest  that  the 
disease  involves  the  cord  as  well  as  the  nerves.  It  is  important  to  re- 
member that  when  there  is  mental  change,  evacuations  into  the  bed 
are  frequently  without  significance  as  to  the  state  of  the  sphincters, 
and  are  due  solely  to  the  inertia  of  the  mind.  This  is  a  fertile  source 
of  error.  (2)  A  distinct  sense  of  constriction,  "  girdle-pain,"  raf erred 
to  any  part  of  the  trunk,  probably  always  constitutes  proof  of  damage 
to  the  cord.  Of  the  same  significance  is  sharp  pain  radiating  around 
the  trunk  at  a  definite  level  and  not  elsewhere.  (S)  An  important 
distinction  in  alcoholic  oases  is  an  unusual  distribution  of  the  i 
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tioB,  e.  ff.  eompbto  pualjsiB  of  all  parte  of  the  le^a,  or  weakneaa  «l 
the  miudes  abo'W  the  knee*  and  oat  of  those  below.  Impairmeat  of 
•enaatiiMi  iq»  to  a  oertain  Ivfol  on  the  legs  or  trunk  hais  tiie  same  ag- 
oifioaiioe;  disease  of  the  serres  does  not  inTolTie  those  of  sensation  up 
to  a  definite loYeL  Bedsores  also  iucrease  the  probability  that  thecord 
as  affected. 

If  ft  caae  is  reoognised  as  one  of  multiple  neuritis  there  remains  the 
question,  whai  is  its  cause  P  In  many  eases  this  question  does  not 
ansa,  because  the  cause  is  obtrusiTe,  ajid  has  been  recognised  as  one 
of  the  elements  of  the  diagnosis ;  but  in  other  cases  the  cause  is  not 
dear,  the  diagnosis  has  been  made  independently  of  it,  and  it  remains 
to  be  diseoYered.  For  the  most  part  it  is  only  necessaiy  to  know  the 
Tanous  causes  in  order  to  determine  which  is  efEectire  in  the  patient 
under  obserration,  because  one  or  another  of  them  is  to  be  discoyered 
without  dilBiculty,  and  the  rest  are  absent.  It  may  be  useful,  however, 
to  remember  that,  as  a  role,  in  chronic  metallic  poisoning  the  arms 
suffer  before  the  legs,  and  that  in  lead  poisoning  the  acute  paralysis 
is  limited  to  the  arms ;  in  arsenical  p<nsomng  the  affection  of  the  arms 
is  soon  followed  by  that  of  the  legs,  while  in  alcoholic  cases  the  legs 
generally  suffer  first.  In  a  case  in  which  arms  and  legs  are  affected 
simultaneously  metallic  poisoning  would  be  a  very  unlikely  cause.  An 
initial  affection  of  the  proximal  parts  of  the  limbs  at  the  same  time  as 
the  distal  parts  suggests  some  other  cause  than  alcohol,  especially  cold 
or  toTffimia.  Early  affection  of  the  muscles  of  the  trunk  or  of  the 
bulbar  nerves  has  the  same  significance,  and  so  also  has  severe  con- 
stitutional disturbance  at  the  outset.  It  must  be  also  remembered, 
howerer,  that  alcoholism  often  co-operates  with  other  causes,  especially 
with  oold ;  and  it  must  also  be  remembered  that  the  inquiry  needs  to 
be  exhaustire  before  the  influence  of  alcohol  can  be  excluded.  This  is 
especially  true  in  the  case  of  fonales,  who  often  obstinately  deny  that 
which  would  bring  shame  upon  them.  Exposure  to  cold  has  generally 
been  aerere ;  and  if  it  has  not,  the  eo-open^on  of  alcibhol  is  extremely 
probaUe.  Neuralgic  pains  of  irregular  distribution  in  addition  to  the 
symptoms  of  polyneuiitLs  should  suggest  diabetes  as  a  cause,  but  the 
examination  <rf  the  urine  for  sugar  should  never  be  omitted.  When 
polyneuritis  is  due  to  septicsBmia  this  cause  may  be  suggested  by  the 
fact  that  the  patient  is  under  treatment  for  some  surgical  ailment ; 
while  in  all  cases  of  obscure  origin  inquiry  should  be  made  for  any 
acute  spedfie  disease  to  which  the  neuritis  is  known  to  be  secondary, 
and  the  fact  should  be  remembered  that  a  considerable  interval  may 
separate  the  two.  Some  form  of  toxsemia  is  always  suggested  by  the 
&ct  that  the  onset  of  the  neuritis  is  associated  with  such  pyrexia  and 
eoBstitutional  disturbance  as  indicate  an  acute  morbid  blood-state.  But 
this  diagnosis  often  rests  chiefly  onthe  exclusion  of  other  causes;  if 
these  are  absent,  thefact  that  neuritis  is  known  to  result  from  obscure 
falood-poisons  may  be  allowed  i^eight,  especially  if  the  symptoms  begin 
in  the  l^gs  or  in  all  parts  of  the  limbs  simultaneously,  and  do  not  affect 
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excluflively  at  first  the  extensors  of  the  extremities.  Sensory  symptoms 
in  these  cases  at  the  early  stage  often  take  the  form  of  tingling  and 
''  numbness/'  and  the  pains  so  characteristio  of  the  alcoholic  form  are 
f  t-equently  absent,  or  are  represented  only  by  dull  aching.  In  slight 
cases  of  this  type  sensations  of  numbness  and  "pins  and  needles'*  in 
the  legs,  with  readiness  of  fatigue  and  loss  of  the  knee-jerk,  may  be 
the  only  symptoms.  The  facts  that  the  nature  of  toxemic  causes  is  to 
a  large  extent  unknown,  and  that  the  poison  may  probably  be  acquired 
from  without^  make  it  necessary  to  be  prepared  to  find  this  cause  of 
multiple  neuritis  under  almost  any  circumstances.  Besidence  abroad 
should  suggest  an  inquiry  for  exposure  to  malarial  influences.  The 
possible  significance  of  tubercle  as  a  cause  should  lead  to  acardEul  exa- 
mination of  the  lungs ;  but  the  possibility  that  phthisis  may  be  an 
effect,  and  not  a  cause,  of  multiple  neuritis  must  be  borne  in  mind. 

PfioaKosis. — The  danger  to  life  is  in  proportion  to  the  acutenest 
of  the  malady,  to  its  sererity  as  measured  by  the  extent  of  the  i>ara- 
lysis,  and  to  the  degree  in  which  the  strength  of  the  patient  is 
i  npaired  by  other  maladies,  or  by  the  cause  of  the  neuritis.  It  is 
important  also  to  remember  that  when  the  affection  has  increased  up 
to  the  time  that  the  patient  comes  under  treatment,  it  generally  does 
not  respond  immediately  to  the  arrest  of  its  cause,  such  as  the  with- 
drawal of  alcohol,  but  continues  to  increase  for  two  or  three  weeks. 
It  is  this  temporary  progressive  tendency  that  constitutes  the  grayer 
element  in  the  disease,  and  must  be  taken  into  account  in  eyerj 
initial  prognosis.  Hence  the  forecast  must  be  guarded  in  all  cases 
that  are  severe  when  the  patient  comes  under  treatment,  and  most 
so  if  there  has  been  a  rapid  increase  in  symptoms  that  had  existed  for 
a  long  time  in  slight  degree.  If  the  extensors  of  hands  and  feet  are 
powerless,  and  the  muscles  connecting  the  limbs  with  the  trunk  are 
distinctly  enfeebled,  unless  the  disease  has  clearly  begun  to  lessen, 
there  is  danger  that  a  further  extension  may  involve  the  muscles 
of  respiration;  this  is  especially  great  when  the  muscles  moving 
the  shoulder  are  considerably  weaken^.  It  obviously  follows  that 
the  danger  is  still  greater  if  the  muscles  of  the  trunk,  and  especially 
of  the  chest,  have  already  given  evidence  of  changes  in  their  nerves. 
Fain  in  the  trunk  of  the  same  character  as  that  in  the  limbs  is  also 
a  grave  symptom  if  the  motor  power  of  the  limbs  has  become  small, 
or  the  case  is  one  unusually  general  in  its  distribution,  because 
where  the  sensory  fibres  are  suffering  the  motor  fibres  are  in  danger 
also.  Paralysis  of  the  diaphragm  adds  considerably  to  the  danger, 
and  its  power  should  be  carefully  watched  in  the  manner  and  with 
the  precautions  mentioned  in  the  account  of  its  paralysis  (p.  88). 
It  may  become  paralysed  without  the  fact  coming  to  the  conscious- 
ness of  a  patient  lying  quietly  in  bed,  but  a  slight  weakness  of  the 
intercostals  will  then  cause  considerable  difficulty  of  breathing  and 
an  accumulation  of  mucus  in  the  lungs,  a  condition  predisposing  to 
definite  bronchitis,  by  which  the  patient  may  be  quickly  suffocated. 
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The  importanoe  of  tliis  point  is  greskt,  sinoe  respiratory  palsj  is  one  of 
the  most  oommon  immediate  causes  of  death.  It  is  probable  also 
that  deficient  breathing  power  is  one  of  the  causes,  perhaps  eren  tlie 
chief  cause,  that  lead  to  the  development  of  the  chronic  phthisical 
lung  disease  that  comes  on  in  so  manj  prolonged  cases.  Especiallj 
important^  also,  is  any  indication  that  the  nenres  of  the  heart  are 
suffering.  In  an  acute  increase  due  to  continued  use  of  alcohol  the 
Tagus  sometimes  suffers  scTerelj  before  other  nerves,  and  increasiiig 
frequency  of  the  pulse  is  then  of  most  serious  significance.  The 
prognosis  should  be  guided  by  the  motor  rather  than  by  the  sensory 
symptoms.  The  latter  may  improve  while  the  former  increase  with* 
out  lessening  the  gravity  of  the  latter  indication.  Persistent  cadema 
is  of  bad  omen,  and  so  also  are  other  indications  of  considerable  blood- 
change. 

When  once  the  malady  has  become  stationary,  and  its  cause  has 
definitely  ceased,  the  danger  to  life  is  small,  except  in  severe  cases,  in 
which  the  pains  are  intense,  the  patient  helpless,  or  the  heart  is  f  eeblsb 
and  the  pulse  persistently  frequent,  or  there  are  signs  of  lung  disease. 
In  these,  as  in  all  cases,  moreover,  the  danger  is  much  increased  by 
any  indication  that  the  spinal  cord  is  involved.  The  tendency  to  re- 
covery is  far  less  in  the  cord  than  in  the  nerves ;  and  retention  of 
urine  (with  all  its  secondary  consequences),  bedsores,  &c.,  are  prone  to 
occur,  and  to  involve  their  own  danger  even  if  the  disease  in  ^e  cord 
does  not  increase.  The  prognosis  as  r^^ards  life  in  cases  of  moderate 
•evoritj  depends,  indeed,  as  much  on  complications  as  on  the  state  of 
the  nerves.  Signs  of  chronic  cerebral  meningitis,  of  degeneration  of 
the  walls  of  the  heart,  of  disease  of  the  liver  and  of  the  kidneys,  also 
lessen  the  prospect  of  escape  with  life. 

The  danger  is,  however,  greatest,  and  the  mortality  highest,  in  the 
acute  cases  that  are  due  to  some  toxsemio  state  or  to  cold,  and  it  must 
be  estimated  by  the  rapidity  with  which  the  paralysis  develops  and 
spreads.  Whenever  it  becomes  considerable  in  a  few  days,  the  danger 
of  early  extension  to  the  mechanism  for  respiration  is  very  great.  In 
these  cases,  also,  pneumonia  frequently  occurs,  concomitant  with  the 
early  symptoms,  and  few  cases  thus  complicated  recover. 

In  cases  that  are  not  &tal  the  full  development  of  the  symptoms  ie 
followed  by  a  stationary  period,  which  lasts  for  one  or  two  months 
before  improvement  begins,  and  for  this  the  patient  or  friends  should 
be  prepared.  The  course  of  restoration  is  always  extremely  slow ;  the 
muscles  least  affected  regain  power  in  from  two  to  four  months,  but  it  is 
usually  six  months  or  more  horn  the  onset  of  improvement  before  the 
extensors  are  fairly  strong,  if  their  palsy  was  considerable  or  complete. 
The  intrinsic  muscles  of  the  hand  are  still  longer  in  recovery.  The 
improvement  in  the  nutrition  of  the  muscles  follows  that  in  their 
power,  so  that  they  remain  smaller  than  normal,  long  after  they  have 
legained  strength.  It  may,  indeed,  be  years  before  the  muscles  whose 
■ise  can  be  well  seen,  such  as  the  abduct  indicisy  are  of  normal  sice. 
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It  ifl  seldom  iSkai  any  peiinaneEt  ^veakness  is  left  fmkws  thfiflphoiil  cnt. 
is  diseased,  and  when  a  patient  is  distinctlj  improTiiiK;  a  good  ultimate 
progttosis  may  be  giren,  provided  there  axe  no  complications  to  inter- 
fere with  it.  In  no  case  with  distinct  spinal  symptoms  can  we  feel 
confident  that  restoration  of  power  will  be  complete ;  and  in  cases  ia 
which  there  are  indications  of  considerable  damage  to  tiie  cord  it  is 
almost  certain  that  some  lasting  weakness  will  be  left. 

The  electric  irritability  of  the  mtisdes  and  nerves  may  be  expected 
to  return  to  the  normal  more  slowly  than  their  capacity  of  response  to 
the  win,  but  sooner  than  their  nutrition.  The  conditions  that  are  ob- 
served in  these  cases  are  the  same  as  in  the  isolated  form  of  neuritis, 
in  which,  although  the  primary  change  is  in  the  connective  tissue,  the 
symptoms  depend  on  the  secondary  changes  in  the  nerve-fibres. 
Hence  the  statements  made  on  p.  71  are  equally  applicable  to  multiple 
neuritis.  The  reactions  often  furnish  important  information,  especially 
soon  after  the  onset ;  the  more  the  irritability  deviates  from  the  normal 
the  greater  will  be  the  subsequent  wasting,  and  the  longer  the  duratioii 
of  the  palsy.  When  some  faradic  irritability  returns  in  both  nerv« 
and  muscle  it  may  be  regarded  as  a  sure  indication  of  advancing 
restoration  of  structure,  whidi  is  certain  to  involve  a  progressive  in- 
crease of  conduction  of  voluntaiy  impulse,  and  response  to  it.  If  the 
trunk  nerves  are  not  involved,  the  prognosis  in  severe  cases  is  a  little 
better  when  the  arms  are  chiefly  afiEected  than  when  the  legs  have 
Buffered  most. 

The  sensory  disturbance  may  be  expected  to  follow  a  course  on  the 
whole  similar  to  that  of  the  motor  symptoms.  A  diminution  in  the 
spontaneous  pain  may  be  anticipated  sooner  than  in  the  tenderness  of 
the  nerves  and  muscles,  which  usually  lasts,  in  lessening  degree,  until 
the  muscles  have  regained  some  power.  The  extreme  tenderness, 
indeed,  passes  away  with  the  spontaneous  pain,  but  some  degree  of 
over-sensitiveness  continues  for  a  long  time.  Happily  the  tendency  to 
persistent  neuralgia,  seen  after  the  isolated  form,  need  not  be  antici- 
pated after  multiple  neuritis.  We  find  t^e  explanation  of  this  in  the 
absence  of  the  new  formation  of  connective  tissue  from  the  inflamma- 
tory products,  wl»ich  in  the  isolated  form  perpetuate,  by  cicatricial  con- 
traction, the  irritation  to  which  inflammation  gave  rise. 

There  is  little  difference  in  the  prognosis,  as  regards  recovery,  in  the 
different  forms  of  neuritis.  The  anticipations  that  may  be  formed  are 
governed  in  all  by  the  rules  just  mentioned,  and  the  risk  to  life  has 
been  already  considered.  In  aU,  however,  it  may  be  repeated  the 
extent  to  which  the  cause  is  under  control  forms  an  essential  element 
in  the  problem,  and  must  influence  the  condusion  in  every  case.  The 
prognosis,  however,  is  better  in  the  sensory  than  in  the  motor  form, 
better  when  the  arms  escape  than  when  all  the  limbs  are  involved,  and 
better  in  cases  of  chronic  than  of  acute  onset,  and  better  if  an 
ap  larently  acute  onset  is  really  such  than  if  it  succeeds  slight  sym- 
ptoms of  longer  duration.     When  the  malady  follows  an  acute  specific 
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disease,  tbe  oeTerity  of  the  latter  is  no  gtdde  to  the  courae  of  its 
lequel ;  seyere  neuritis  may  follow  a  mild  attack  of  the  acute  specific. 

Tbsatmxkt. — ^The  different  classes  of  multiple  neuritis  here  con- 
sidered need  treatment  that  in  some  respects  varies,  and  in  others  is  the 
same  in  all  forms.  In  all  it  is  essential  to  discoyer,  if  possible,  the 
cause  of  the  neuritis,  and  to  remove  it  or  arrest  the  contiauance  of  its 
action.  This  obviouslj  should  be  the  first  consideration  in  cases  due 
to  alcohol,  m  which  it  is  sometimes  of  great  difficulty.  It  is  desirable, 
as  a  rule,  that  alcohol  in  all  forms  should  be  given  up  entirely,  but 
often  this  has  to  be  done  by  degrees,  a  great  reduction  in  amount  pre- 
ceding entire  abstinence  from  it.  With  patients  who  are  "  their  own 
masters  "  the  reduction  is  often  most  difficult  to  secure,  and  it  is  neoes- 
saiy  to  give  a  warning  that  not  only  ynU  life  be  in  danger,  but  that 
the  pains  will  certainly  increase,  and  continued  indulgence  will  entail 
sufferings  so  great  that  any  sacrifice  would  be  made,  or  deprivation 
endured,  if  their  intensity  could  be  realised.  With  every  femiJe 
drinker,  deception  should  be  considered  not  only  possible  but  probable ; 
those  who  are  under  the  control  of  relations  or  of  a  husband  have 
generally  had  a  long  training  in  duplicity  in  order  to  procure  stimulants, 
and  it  is  easy  for  them  to  continue  it,. even  when  kept  in  bed,  if  they 
are  attended  by  their  own  servants.  These  are  corrupted,  and  alcohol 
is  taken  in  secret  when  the  fact  is  being  stoutly  denied.  If  a  case 
does  not  present  the  arrest  or  improvement  that  might  reasonably  be 
expected  from  the  withdrawal  of  the  cause,  such  continued  drinking 
should  always  be  suspected.  Hence  it  is  of  great  importance  that 
such  patients  should  be,  whenever  practicable,  under  the  immediate 
care  of  trustworthy  trained  nurses,  rather  than  of  their  own  servants 
or  of  relatives  who  may  be  improperly  influenced  or  persuaded ;  if  the 
patient's  means  do  not  permit  this,  removal  to  a  hospital  or  some  public 
institution  is  desirable.  When  the  heart  is  too  weak  to  permit  the 
entire  withdrawal  of  stimulants,  the  amoimt  taken  must  be  regulated 
solely  by  the  state  of  the  pulse.  In  suoh  cases  total  abstiaenoe  is 
attended  with  some  danger  of  the  cardiac  failure  which  has  been 
mentioned  as  one  of  the  causes  of  death.  When  the  disease  is  due  to 
cold,  ihe  patient  should  be  carefully  preserved  from  risk  of  further  ex- 
posure, which  during  the  early  stages  may  convert  a  slight  into  a 
severo  attack.  Even  in  alcoholic  cases  a  chill  will  cause  a  rapid 
increase  in  the  symptoms,  and  both  this  and  fatigue  should  be 
carefully  guarded  against.  In  other  forms,  also,  these  measures, 
adopted  in  the  stage  when  pains  and  tenderness  are  the  only  or  chief 
symptoms,  would  often  prevent  the  further  development  of  the  disease. 

Physical  rest  is  of  great  importance,  and  m  all  cases,  except  the 
tlightest,  rest  in  bed  is  desirable  The  excitation  of  the  nerves  caused 
bj  movement  tends  to  intensify  the  morbid  process  in  them,  and  what- 
ever produces  pain  has  t£e  same  effect.  If  the  patient  is  in  bed,  local 
treatment  can  be  more  readily  employed,  and  the  restraint  facilitates  the 
'  control  over  habits.     The  feeding  of  the  patient  is  an  impor- 
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tant  part  of  treatment,  especially  when  the  stomach  has  been  deranged 
by  alcohol.  At  the  outset,  warm  fomentations  should  be  applied  orer 
any  tender  nerres.  Care  must  be  taken  in  their  use  orer  the  region 
supplied  by  the  affected  nerres,  on  account  of  the  danger  of  vesica- 
tion ;  troublesome  ulcers  may  be  caused  by  even  moderate  degrees  of 
heat,  as  in  the  case  mentioned  on  p.  79.  Such  applications,  and  also 
coimter-irritants,  have  less  effect  in  the  parenchymatous  forms  than 
when  there  is  a  tendency  for  the  connectiTe  tissue  and  sheath  to 
suffer,  and  for  their  vessels  to  be  involved  in  the  process.  A  warm 
bath,  for  fifteen  or  twenty  minutes  daily,  is  often  of  service  if  the 
patient  is  able  to  bear  the  necessary  procedures* 

Care  should  be  taken  that  the  patient  does  not  habitually  assume  a 
posture  that  will  promote  the  occurrence  of  deformities  The  dropping 
of  the  feet  is  the  greatest  danger,  and  should  be  prevented  by  a  large 
and  heavy  sand-bag  about  nine  inches  in  diameter,  which  may  be 
adapted  to  the  position  of  the  feet,  or  by  a  board  placed  across  the 
bed.    Frequently  such  a  boot  as  that  figured  (Kg.  61)  is  of  great 

fie.  61.* 


service  in  preventing  or  minimising  contraction  of  the  gastrocnemiL 
Another  danger  is  the  habitual  flexion  of  the  knees,  permitting  a 
contraction  of  the  hamstring  muscles,  and  due  to  the  discomfort  that 
is  caused  by  extension  of  the  knees  ;  this  should,  however,  be  insisted 
on,  because  the  initial  discomfort  soon  passes  away  if  extension  is 
adopted  from  the  outset.  The  extension  of  the  knees  involves  that  of 
the  hip-joint,  and  prevents  contraction  of  its  flexors. 

No  drug  has  any  very  marked  influence  on  the  morbid  process.  It 
has  been  seen  that  multiple  neuritis  tends  to  lessen  after  its  cause  has 
ceased  to  act,  and  under  such  conditions  it  is  easy  to  come  to  the  con- 
clusion that  drugs  do  good  which  merely  do  not  hinder.  Mercury, 
which  is  certainly  useful  in  isolated  perineuritis,  has  little  influence 
on  the  parenchymatous  form,  but  it  may  be  tried  in  any  case  in  which 
it  seems  probable  that  the  sheaths  are  primarily  affected,  and  in  which 
pain  or  tenderness  in  the  larger  nerve-trunks  is  a  prominent  sym- 
ptom. During  an  acute  febrile  onset  the  treatment  should  bo  that 
*  For  full  description  of  this  simple  apparatus,  see '  Clinical  Jourual,'  March  6th,  1896b 
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adapted  to  the  general  state,  and  mnst  differ  according  to  its  cause. 
In  such  an  onset  of  an  alcoholic  neuritis,  citrate  of  potash,  nitrous 
ether,  and  compound  tincture  of  cinchona  are  suitable,  with  a  little 
digitalis  if  there  is  feebleness  of  the  pulse.  When  due  to  cold,  sali- 
cylate of  soda  maj  be  given,  or,  if  the  attack  has  been  predisposed  to 
bj  alcohol,  salicylate  of  potash  may  be  substituted  so  as  to  avoid  the 
retention  of  uric  add  in  the  system  by  the  sodst.  The  probability  of  a 
gouty  state  of  the  system  should  be  remembered  in  all  cases  in  which 
there  is  a  history  of  alcoholism.  In  the  toxsemic  forms  in  which 
there  is  a  suspicion  of  a  blood-state  allied  to  that  of  septiceemia,  no 
drug  affords  such  a  prospect  of  influence  as  the  tincture  of  the  per- 
chloride  of  iron  in  full  doses,  20 — 80  minims  three  or  four  times  a 
day.  Afterwards,  when  the  actual  onset  is  over,  and  from  the  first  in 
the  more  chronic  cases,  tonics  answer  best — iron,  quinine,  or  small 
doses  of  strychnine.  Iodide  of  potassium,  for  some  reason,  seems  to 
do  good  only  in  the  chronic  sensoiy  form.  In  this  also  arsenic  has 
been  found  useful,  but  arsenic  should  be  given  with  caution,  and  in 
small  doses ;  there  is  some  danger  that  large  doses  may  intensify  the 
malady,  since  polyneuritis  is  one  of  the  effects  of  chronic  poisoning  by 
arsenic,  and  has  actually  been  produced  by  the  medicinal  use  of  the 
metaL  Cod-liver  oil  is  useful  in  the  later  stages,  especially  if  there  is 
impairment  of  general  nutrition.  In  alcoholic  cases  the  addition  of 
cocaine,  iV  ^  i  grain  to  each  dose  of  whatever  is  taken,  aids  in  lessen- 
ing the  craving  for  stimulant.  When  due  to  malarial  poisoning, 
qtiinine  may  be  given  freely.  The  complications  of  multiple  neuritis 
do  not  need  other  treatment  than  that  suitable  to  them  when  they 
oocor  alone,  nor  do  they  indicate  any  special  modification  In  the  treat- 
ment of  the  disease  of  the  nerves. 

In  most  cases  the  pain  is  such  as  to  render  anodynes  necessary. 
Of  these,  morphia,  by  hypodermic  injection,  is  the  most  effective,  but 
should  be  employed  only  as  a  last  resource,  and  so  regarded  will  not 
often  be  found  necessary.  Its  danger  is  the  readiness  with  which 
those  persons  who  were  previously  alcoholic  become  habituated  to  it. 
It  may  be  given  by  the  mouth  with  less  risk,  but  in  other  drugs  we 
may  find  a  substitute  that  is  effective  in  most  cases.  Injections  of 
cocaine  beneath  the  skin  over  the  seat  of  pain  often  afford  considerable 
relief,  and  cocaine  may  thus  be  given  instead  of  by  the  mouth,  securing 
the  double  object  of  lessening  at  once  the  local  pain  and  the  craving 
for  stimulant — ^which  is  relieved  almost  as  effectually  when  cocaine  is 
given  by  the  skin  as  by  the  mouth.  Atropine  may  also  be  given 
hyx>odermically.  In  antipyrin  and  acetanilide  we  have  drugs  of 
another  nature,  that  often  give  great  relief  to  spontaneous  pain. 
Indian  hemp  may  also  be  given  regularly  without  harm,  and  without 
interfering  with  the  occasional  administration  of  other  anodynes ;  while 
to  procure  sleep,  if  pain  is  slight,  reliance  may  be  placed  on  bromide, 
aulphonal,  trional,  or  chloraJamide.  Antipyrin  also  often  gives  a  patient 
*   Tood  night  in  spite  of  some  pain.     When  there  is  mental  excitement 
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hyoMJae  ii  useful,  egpecially  by  hjpodgimic  iajection  in  dooai  of  4^  to 
Ttyoryfyof  agraiiL 

The  apidication  of  eleetricitfto  the  paralysed  miucles  is  imporlaiit 
in  order  to  main  tain  their  nutritioa  in  as  good  a  state  as  possible 
dnriug  the  process  of  recorery  of  the  n^-ves.  Only  roltaism  has  the 
p«>wer  of  doing  this,  and  should  be  applied  daily,  large  sponge-holders 
being  employed  so  that  the  current  may  reach  as  much  muscular 
tissue  as  possible ;  only  such  a  strength  should  be  employed  as  will 
produce  yisible  contraction  and  cause  no  after-pam.  Yoluntaiy  mus- 
cular action  constitutes  a  nkore  effectire  stimulus  to  nutrition ;  but  if, 
although  the  muscle  can  be  put  in  action  by  the  will,  there  is  loss  or 
great  diminution  of  f aradie  irritability,  or  an  excess  of  Toltaic  iiri* 
tabilil^  shows  that  some  fibres  an  in  an  abnormal  state  in  consequence 
of  the  degeneration  of  their  nerres,  Toltaism  may  still  be  applied  with 
adyantage.  There  is  no  evidence  that  the  application  of  electricity  to 
the  nerves  has  any  influence  on  their  regeneration*  Slight  sensory  loss 
10  sometimes  less^ied  in  the  chronic  stage  by  tbe  application  of  faradism 
by  the  wire  brush. 

The  tender  limbs  may  be  wrapped  in  cotton  wool,  with  or  without 
a  covering  of  oiled  silk.  Massage  is  of  service  in  the  later  stages  of 
the  disorder  for  its  influence  on  the  nutrition  and  circulation  in  the 
affected  limbs.  An  upward  movement  of  the  pressing  hand  helpa  the 
circulation  of  fluid  in  the  vessels  and  in  the  tissues.  It  cannot  be 
borne  during  the  acutely  painful  stagey  and,  indeed,  as  long  as  it  gives 
pain  it  probably  has  more  capacity  for  harm  than  for  good.  In 
the  later  stages  it  helps  to  overcome  the  contracture  of  the  muacleSi 
which  should  be  gently  extended  at  the  same  time  as  they  are  rubbed, 
— ^pressure,  for  instance,  being  made  upon  the  ball  of  the  foot  atrlho 
same  time  as  the  calf  muscles  are  rubbed. 

The  very  long  course  of  all  severe  cases  malces  a  heavy  demand  on 
the  patience  of  the  sufferer  and  the  perseverance  of  the  medical  pracdp 
tioner ;  but  the  prolonged  convalescence  has  the  advanta^  in  alcoholie 
cas^,  of  enabling  a  habit  of  abstinence  to  be  formed.  This,  with  the 
recoLection  of  what  has  been  endured,  renders  multiple  neuritis  more 
often  a  cure  of  intemperance  than  any  other  of  the  many  maladies  to 
which  alcohol  gives  rise.  During  the  slow  recovery,  the  measures 
above  indicated — ^tonics,  electricity,  and  massage— should  be  con- 
tinued. As  already  stated,  the  power  of  standing  is  interfered  with 
for  a  time  after  the  muscles  have  regained  adequate  strength,  by  the 
oontraction  of  the  gastrocnemii,  causing  a  degree  of  talipes  equinus. 
This  is  often  so  considerable  as  to  suggest  the  desirability  of  dividing 
the  tendo  Achillis,  but  the  operation  is  seldom  if  ever  necessaxy.  The 
attempt  to  stand  and  walk  constitutes  a  powerful  means  of  extension 
of  the  calf  muscles,  before  which  they  soon  yield  sufficiently  to  permit 
the  balance  of  the  body  to  be  maintained,  and  then  progress  becomes 
more  rapid.  The  contraction  at  the  knee  and  hip  is  more  difficult  to 
get  rid  of,  but  generally  yields  in  time  to  persevering  and  gentle  efforts. 
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Aoim  MuLTZPLB  Myositis.    Acute  Poltxyositib. 

Lr  rare  cases  there  ooctirs  an  acute  interstitial  inflammation  of  the 
mnscles,  which  presents  a  general  resemblance  in  distribution,  and  in 
toxic  causation,  to  the  acute,  polyneuritis  we  have  just  considered, 
but  differs  in  the  facts  that  the  affection  of  the  nerre-fibres  is  trifling 
and  eridentl  J  subordinate,  and  that  the  subcutaneous  fibrous  tissue  is 
nsoallj  also  inflamed,  causing  oedema  and  exysipelatoid  dermatitis. 
This  is  sometimes  absent  while  the  nerves  are  occasionallj  inflamed  in 
greater  degree,  precluding  an  absolute  separation,  although  most  cases 
present  a  sufficientlj  uniform  difference  to  make  a  distinctire  type. 
The  malady  is  so  uncommon,  and  the  cases  that  have  been  met  with 
have  varied  so  much  in  severity  and  precise  causation,  that  they  hardly 
do  more  than  illustrate  tbe  variety  of  special  form  which  may  be  as- 
sumed by  such  toxic  maladies,  and  which  indicate  corresponding 
features  in  the  poison  which  causes  them.  The  symmetiy  of  its  mani- 
festations is  conclusive  evidence  that  the  blood  is  its  vehicle,  and  the 
&cts  that  a  source  of  definite  poisoning  can  often  be  traced,  while  the 
distal  parts  of  the  limbs  are  commonly  the  first  to  suffer,  constitute  a 
eonspicoous  connection  with  polyneuritis. 

Although  not  a  primary  affection  of  the  nervous  system,  its  xdations 
justify  its  mention  here,  especially  since  its  features  have  enough  in 
common  with  the  acute  form  of  multiple  neuritis  to  involve  some  risk 
si  confusian  in  disgnosisL 


ENDEMIC  NEUK1T18. 
MatiARtati  Nkubitis. 

The  dear  evidence  that  has  uccumulated,  showing  the  dependence 
of  multiple  neuritis  on  toxic  blood-states,  some  connected  with  an 
organisnml  virus,  prepares  us  to  find  that  it  often  results  from  the  pro- 
ducts of  the  growth  of  organisms  of  endemic  character,  such  as  cause 
the  ^f^l^riftl  fevers  of  which  we  are  able  to  disct-m  a  variety  of  forms. 
Conspicuous  among  them  is  the  malady  known  generally  by  the  name 
of  "  beri-beri,"  but  a  simpler  form  of  neuritis  palsy  is  more  common, 
although  absolutely  infrequent.  Various  forms,  however,  result  from 
the  untypical  varieties  of  malarial  disorder,  and  their  occurrence^ 
causation,  and  relations  are  still  only  imperfectiy  discerned,  met  with, 
as  they  are,  chiefly  in  tropical  countrien. 

The  characteristic  form  involves  chiefly  the  motor  nerves,  usually  of 
the  legs,  and  is  met  with  espe*  iaily  in  India  and  on  the  coasts  of 
Africa.  The  arms  suffer  only  in  severe  and  prolonged  cases.  It  is 
usually  subacute  in  course,  and  the  resulting  disability  entails  early 
removal  from  the  causal  conditions,  which  lessens  much  the  danger  to 
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life  that  is  involyed.  Sccondaiy  contracture  in  the  muBcles  it  esped- 
ally  common,  and  constitutes  a  troublesome  sequel,  prolonging  for 
mouths  the  inabilitj  to  walk,  unless  previ-nted  bjthe  means  described 
elsewhere. 

Sensory  symptoms  of  Tarious  characters  may  be  the  leading  features 
in  other  cases  in  which  the  organisms  are  peculiar  in  their  nature,  and 
tliese  give  rise  to  symptoms  which  are  prone  to  set  up  special  difii- 
culties  in  diagnosis,  unless  their  probable  nature  is  suspected,  and  the 
significance  of  the  exposure  to  the  cause  is  peroeiTod,  and  receives  due 
weight. 

Bebi-bebi. 

Beri-beri,  the  Kak-ke  of  Japan,  is  also  known  by  yarious  popular 
names  in  the  sevei*al  countries  of  which  it  is  natire.*  It  is  a  wide- 
spread disease,  passing  by  a  contagion  that  is  readily  oonyeyed  and 
propagated,  haying  apparently  its  chief  homes  in  Japan,  the  Eastern 
Archipelago,  India,  New  Zealand,  Ceylon,  the  South  Pacific  Islands, 
and  l^e  coast  of  Brazil.  It  is  especially  preyalent  in  the  Dutch  East 
Indies,  among  the  soldiers  and  in  the  prisons,  and  this  led  to 
its  systematic  inyestigation  under  the  direction  of  the  Netherlands 
Goyemment.  Through  this  our  knowledge  of  the  malady  was  much 
increased,  especially  by  the  inyestigations  of  Pekelharing  and  Winkler,t 
who  had  a  large  number  of  cases  under  their  obseryation  both  during 
life  and  after  death.  Still  more  recently  a  troublesome  outbreak 
occurred  at  a  lunatic  asylum  at  Dublin.  Opinion  as  to  its  nature 
and  cause  has  varied  much,  and  still  is  far  from  uniform  among  those 
who  haye  studied  it;  but  there  is  a  strong  preponderance  of  eyidence 
that  it  depends  on  a  specific  organism,  and  that  symmetrical  peripheral 
neuritis  is  the  common  effect  of  the  yirus,  and  the  mechanism  by 
which  its  chief  symptoms  are  produced.  The  organisms  found  X  &ro 
in  the  form  of  rods  and  cocci,  but  it  is  probable  that  these  are  only 

*  Beri-beri  is  probably  a  modification  of  tbe  Gingalete  name  for  the  dlnase,  balir* 
bari  *  extreme  wealcneu.  Kak-k6  is  tbe  old  Chinese  name  for  it,  by  which  it  is 
mentioned  in  their  medical  works  since  200  B.o.|  it  is  derived  from  two  words^ 
meaning  ''legs"  and  "disease."  The  affection  disappeared  from  China  two  can* 
tnries  ago,  remaining  in  Japsn,  where  it  continues  a  most  serious  endemic  malady. 

t  Pekell*aring  and  Winkler,  'Ondenoek  naar  den  aarden  de  oonaak  der  Beri- 
beri,* Utreclit  (j'ep.  publication),  1889,  analysed  in  the  'CentralbL  f.  Nervenkr.,' 
1889:  aUo  '  Wof kblad  f.  Nedcrl.  Geneesk.,' 1888,  and  'Dent.  med.  Wochcnsrhr.,' 
1888,  No.  80.  Other  important  contributions  to  the  Kubject  are  by  lUlz, 
•Zeitschr.  f.  kl.  Med.,*  1881;  Scheobe,  ib.,  1882;  Weintraub,  'Wicn.  wed. 
Wochenschr.,' 1888,  Nos.  23-44;  Van  Eicke, « Tijdschr.  ▼.  Nederl.  Indre/  1887, 
p.  71 ;  Wernicb,  '  Vircliow's  Arthiv,'  Bd.  Ixxi ;  Miura,  •  Virehow's  'Arctiiv,' 
Bd.  cxi  and  rxiv,  whose  conclnsions,  however,  differ  from  those  of  most  investi- 
gators; Se^ruin,  *  Phil.  Med.  and  Sarg.  Rep.,'  1888;  and  Springthorpe,  '  Austnilian 
Med.  Journal/  1889.  Biilz,  in  1881,  expressed  tlie  opinion  that  the  diseajte  was 
a  specific  "  panneuritis." 

X  First  described  by  Balz  and  Scheiibe,  and  since  by  Pekelharing  and  WiukW, 
Bigkman«  Weintraub,  Springthorpe,  and  others. 
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different  stages  in  the  development  of  the  same  species.  They  have 
been  cultivated,  and  peripheral  neuritis  of  nearly  the  same  distribution 
as  in  beri-beri  has  been  produced  by  their  inoculation.  Bepeated  in- 
oculations are,  howeyer,  necessary  for  this  result  to  be  produced ;  and 
hence,  from  this  and  the  phenomena  of  the  disease,  it  is  assumed  to 
be  not  a  simple  infectious  malady,  capable  of  being  induced  by  a 
single  exposure  to  its  cause,  but  one  in  which  repeated  opportunities 
for  infection  are  necessary.  In  harmony  with  this  are  the  facts  that 
sufferers  acquire  the  disease  from  residence  in  certain  infected  houses*, 
or  plaoee  in  which  it  is  supposed  that  the  soil  is  saturated  with  the 
organisms ;  that  they  may  rapidly  recorer  on  removal  to  a  district 
that  is  free,  and  relapse  only  on  returning  to  an  infected  place ;  that 
it  prevails  where  persons  are  gathered  together,  as  in  barracks  and 
prisons;  and  that  the  air  of  these  places  is  found  to  contain  the 
organisms  which,  collected  from  it,  will  cause  the  disease  in  animals. 
from  whom  it  is  transmissible  to  others  by  further  inoculation.  The 
serious  extent  to  which  it  may  spread  among  those  who  live  together 
under  conditions  favouring  its  extension,  is  shown  by  the  instance  of 
a  ship  arriving  in  Japan  from  New  Zealand  after  a  voyage  of  272 
days.  The  disease  spread  on  board  so  rapidly  that  altogether  169 
cases  occurred,  with  twenty-five  deaths.  In  1878  no  less  than  88  per 
cent,  of  Japanese  soldiers  were  affected.  It  is  probable  that  the  in- 
halation of  dried  organisms  floating  in  the  air  as  part  of  "  dust,"  is 
the  chief  way  in  which  the  disease  is  propagated.  By  some  it  has 
been  thought  that  a  nitrogenous  diet  induces  or  predisposes  to  the 
disease,  and  facts  apparently  supporting  the  opinion  have  been 
adduced ;  an  exclusive  fish  diet  has  been  thought  to  cause  it,  and  so 
also  has  a  rice  diet.  A  remarkable  outbreak  in  Manila  in  1880  followed 
a  period  of  rice-eating  during  a  cholera  epidemic.  These  influences 
probably  merely  produce  susceptibility.* 

It  is  a  remarkable  fact  that  Europeans  seldom  suffer.  Males  are 
more  liable  to  the  disease  than  females,  and  it  is  chiefly  prevalent 
during  the  hot  season. 

Symptoms. — Peripheral  symmetrical  neuritis  is  a  constant  feature 
of  the  malady,  which  is  usually  chronic  in  course  and  gradual  in 
onset,  but  prone  to  undergo  acute  exacerbations.  These  have  been 
generally  regarded  as  acute  forms  of  the  disease,  but  it  is  said  by 
Pekelhiring  that  the  symptoms  of  neuritis  may  always  be  discovered 
before  the  onset  of  the  definite  symptoms,  and  this  when  the  patient 
is  ignorant  of  their  existence  and  feels  quite  well.  Most  observers 
have  failed  to  recognise  this,  and  it  is  probably  true  only  under 
certain  conditions,  and  porsons  suddenly  exposed  to  an  intense  infec- 
tion may  suffer  acutely  from  the  very  commencement.     Occasionally 

^  Patnam  ('Boston  Med.  and  Sirj^.  Joarnttl,'  1890)  and  Birge,  in  the  eame 
periodiciil,  dptcribe  a  form  of  nenritis  very  like  beri-beri  occurring  in  men  long  at 
w*  engnged  in  fishing,  with  poor  food.  In  some  of  the  cai»es  scarvy  was  alao 
preMBk 
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the  maSmij  deTelops  with  extreme  rapidity  axid  seYeritj.  On  the  ottMr 
haad,  manj  cases  are  chronic  throughout^  and  last  for  moatlu.  The 
leading  Bjinptoms  are  those  of  multiple  aeoritU  (chiefly  affecting  the 
legs  and  the  cardiac  branches  of  the  Tagoa),  dropsy,  and  symptome  of 
cardiac  failure.  The  amount  of  xirine  is  generally  lessened,  and  ibs 
secretion  may  be  almost  suppressed  in  acute  cases.  A  "critical" 
increase  in  the  secretion  may  mark  the  commencement  of  improTe- 
ment.  It  is  unchanged  in  character,  and  does  not  <y^»HiTi  albumen. 
.The  drc^y  is  a  very  yariable  symptom,  and  this  has  led  to  the  dis- 
tinction of  two  forms,  the  dry  and  the  dropsical.  Pekelharing  and 
WinHcr,  however,  found  some  effusion  of  fluid  almost  invariably  after 
death,  and  it  is  probable  that  its  conspicuoua  presence  or  absence 
depends  chiefly  on  the  state  of  the  heart  (conditioned  by  that  of  its 
nerves),  and  partly  on  the  trophic  and  vaso-motor  disturbBinces  due  to 
the  local  neuritis.  One  very  constant  symptom  is  said  to  be  a  dis- 
agreeable epigastric  sensation,  variously  described  as  pain,  drag- 
ging, &c.,  sometimes  very  severe.* 

The  earliest  symptoms  are  a  change  in  the  electrical  excitability  of 
the  peroneal  nerves  and  the  flexors  of  the  ankles  (which  suffer  moat 
throughout) — a  slight  degree  of  the  reaction  of  degeneration,  quantita- 
tive and  often  qualitative.  These  are  often  to  be  found  before  there 
are  any  subjective  symptoms,  which  begin  as  a  sense  of  heaviness  of 
the  legs,  readiness  of  fatigue,  dyssesthesifie  and  diminutioa  of  tactile 
sensibility  in  the  lower  limbs,  palpitation  and  undue  excitability  of  the 
heart.  The  electrical  changes  may  be  met  with  in  slight  cases  whidi 
proceed  no  further,t  and  have  shown  that  some  patiente,  supposed  to 
be  shamming,  were  real  sufferers.  To  these  subjective  symptoms  are 
added  other  objective  signs, — Gedema  along  the  edge  of  the  tibiie,  a 
peculiar  jMtsty  and  stiff  aspect  in  the  face,  an  increase  in  the  cardiac 
dulness  to  the  right,  roughness  of  the  flrst  and. accentuation  of  the 
pulmonary  second  sound.  These  symptoms  may  increase  slowly,  or 
rapidly  in  the  form  of  an  acute  stage.  The  degenerative  reaction 
becomes  complete  in  the  muscles  flrst  affected,  and  they  become  para- 
lysed and  undergo  the  characteristic  atrophy,  while  other  nerves  and 
muscles  progressively  suffer  in  the  same  manner, — the  calf  muscles,  the 
extensors  of  the  knee,  the  adductors  of  the  thigh,  and,  lastly,  the 
flexors  of  the  thigh  and  the  abductors  of  the  hip.  In  the  trunk  the 
abdominal  muscles  and  intercostals  may  be  involved,  and  in  severe 
cases  the  arms  are  paralysed,  flrst  the  extensors  of  the  wrist  and 
Angers,  later  the  flexors,  and  sometimes  most  of  the  muscles,  may  be 
so  atrophied  as  almost  to  disappear.  The  face  often  suffers:  the 
diaphragm  may  become  paralysed,  and  also  the  larynx  (the  inferior 
before  the  superior  laryng(.>al  nerve) ;  while  grave  cardiac  weakness 
and  increasing  dilatation  of  the  heart  testify  to  the  serious  implica- 
tion of  the  cardiac  branches  of  the  vagus.    Simultaneously,  sensory 

*  Von  Tuzelmaun, '  Lancet/  1804,  vol.  ii,  p.  1467. 
t  Pekelliuring  aud  Winkler,  Eigkman  (1889),  Ao. 
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■jmptoms  develop,  ewrggponding  m  distribution  to  fhe  more  flevere 
motor  symptomB ;  senfribilitj  to  toixch  is  lessened  or  lost  (first  en  the 
inner  side  of  tlie  lower  limb),  while  that  to  pain  usually  remains,  and 
sometimes  is  augmented  to  the  degree  that  constitutes  what  has  been 
termed  **  an»6thesia  dolorosa.**  The  temperature-sense  may  be 
diminished  to  either  heat  or  cold  or  both  in  various  parts,  and  there 
is  often  considerable  loss  of  cutaneous  sensitiveness  to  faradism. 
lliere  may  be  tingling,  formication,  and  other  dysssthesisd,  together 
with  tenderness  of  the  nerves  and  muscles,  but  far  less  in  degree  than 
in  most  forms  of  polyneuritis,  and  chiefly  marked  in  the  early  stage  of 
the  disease. 

The  oedema  that  is  so  common  begins  in  the  legs,  usually  spreads 
widely,  and  involves  not  only  the  subcutaneous  tissue  but  the  cavities 
of  the  peritoneum,  pleura,  and  pericardium :  in  the  last  it  seriously 
impedes  the  action  of  the  already  dilated  and  feeble  heart.  It  is  to 
cardiac  failure  that  death  is  commonly  due;  the  other  chief  cause 
is  failure  of  the  respiratory  muscles,  aided  generally  by  effumon  into 
the  pleural  cavities,  and  accompanied  by  the  indications  of  cardiac 
weakness,  and  of  dilatation  of  the  right  side  of  the  heart.  From  this 
cause  the  cardiac  dulness  sometimes  increases  rapidly,  even  in  a  few 
houiB.  The  oedema  is  usually  attended  by  increasing  anaemia,  which 
doubtless  facilitates  its  occurrence.  Thes**  symptoms  are  always  later 
in  development  than  are  those  due  directly  to  the  neuritis.  In  the 
most  acute  cases  the  definite  symptoms  take  commonly  six  or  eight 
weeks  to  run  their  course,  and  the  usual  duMtion  of  the  malady  is 
several  months.  Death  from  the  heart  failure  is  usually  prolonged, 
and  accompanied  by  much  distress.  Occasionally  a  vexy  acute  form 
prevails,  in  which  rapid  failure  of  the  heart  and  various  effusions 
lead  to  death  in  about  a  fortnight,  and  cause  a  mortality  of  60  and  70 
per  cent. 

PaihologiccU  Anatomy, — ^llie  only  constant  changes  are  in  the  nerves, 
but  some  serous  effusion  is  almost  invariable.  Thus  Pekelharing  and 
Winkler  found  an  excess  of  fluid  in  the  cellular  tissue  in  88  out  of  85 
cases — ^about  97  per  cent.  The  pericardial  fluid  was  increased  in  67 
per  cent,  of  the  cases,  in  about  28  per  cent,  there  was  hydrothorax, 
and  ascites  in  14  per  cent 

The  changes  in  the  nerves  are  often  indistinct  to  the  naked  eye, 
although  always  conspicuous  under  the  microscope.  They  are  met 
with  in  both  motor  and  sensory  branches,  and,  in  advanced  cases,  in 
the  nerves  of  the  vessels.  They  are  always  greatest  at  the  terminal 
portions,  lessening  upwards,  while  the  nerve-roots  and  spinal  cord 
are  always  normal,  with  the  doubtful  exception  of  vacuolation  of  the 
motor  cells,*  and  some  degeneration  of  the  fibres  of  the  posterior 
column  in  a  few  cases.f  The  first  change  is  an  increase  in  the  seg- 
mental nuclei,  shrinkage  of  the  medullary  sheath  at  the  nodes,  and  a 
•  Mi  lira,  loc.  cit. 
t  Van  Eecke,  loc.  cit 
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peculiar  '* lumpy'*  degeneration  of  the  medulla,  sometimes  replaced 
bj  a  ''foam-like"  appearance  in  it,  concealing  the  axis-cylindsr. 
Both  changes  are  often  accompanied  hj  the  formation  of  granule 
corpuscles.  These  slighter  changes  are  found  chieflj  where  the  lesion 
is  commencing,  and  especiallj  in  the  vagus  and  phrenic  nerves,  in 
which,  necessarily,  a  considerable  degree  of  change  in  incompatible 
with  life.  They  have  been  seen  in  the  branches  within  the  heart,  in 
some  of  the  fibres  of  the  trunk,  and  in  the  laryngeal  nerres.  Where 
the  change  in  the  nenres  is  more  adyanoed,  the  white  substance  is 
entirely  broken  up,  and  the  axis-cyUnder  presents  segmentation  or 
irregular  sweUings,  or  has  disappeared,  and  the  increase  in  the  nudei 
of  the  neurilemma  sheath  is  still  greater  than  before.  The  blood- 
vessels of  the  nerves  are  but  little  changed  in  the  early  stage ;  after  a 
time  they  may  present  some  thickening  of  the  wall,  accompanied  by  a 
general  increase  in  the  amount  of  the  interstitial  tissue ;  but,  as  a  rule, 
there  is  an  absence  of  any  signs  of  interstitial  inflammation — ^the 
changes  are  essentially  parenchymatous. 

In  the  muscles  there  may  be  at  first  a  cloudy  opacity  with  indis- 
tinctness of  the  transverse  strisd,  going  on  to  granular  degeneration; 
tjr  the  fibres  may  simply  become  narrow,  preserving  their  stnation. 
llie  nuclei  of  the  fibre-sheath  are  always  increased  in  number,  but 
the  interstitial  tissue  is  generally  but  little  altered. 

FcUhology. — The  characteristic  organisms  have  been  invariably  found 
in  the  blood,  and,  what  is  a  remarkable  instance  of  their  slow  action, 
and  of  the  cumulative  influence  needed  to  generate  the  malady, 
Pekelharing  and  Winkler*  found  them  in  the  blood  of  all  the 
inhabitants  of  an  intensely  infected  place,  whether  these  had  or 
had  not  symptoms  of  the  disease,  and  failed  to  find  them  in  the  blood 
of  persons  living  in  places  free  from  infection.  Cultures  from  the 
blood  reproduce  the  malady,  and  so  do  cultures  from  the  animals 
thus  infected.  The  organisms  have  not  been  found  in  special  associa- 
tion with  the  morbid  process  in  the  nerves.  It  thus  appears  that  the 
malady  bears  a  close  resemblance,  in  its  essential  features,  to  cases  of 
multiple  neuritis  due  to  a  chronic  blood-poison  such  as  alcohol,  and 
still  more  to  that  which,  as  we  shall  see,  is  presented  by  chronic 
arsenical  poisoning.  There  is  a  slow  accumulation  in  the  blood  of  a 
virus  that  has  a  specific  action  on  the  peripheral  nerves,  and  like  some 
others,  first  and  chiefly  on  the  nerves  of  the  legs,  but  with  a  greater 
affinity  for  the  vagus,  especially  for  its  cardiac  branches,  than  most 
others.  Although  invariably  associated  with  the  presence  in  the  blood 
of  a  special  organism,  the  absence  of  this  in  the  vicinity  of  the  lesion, 
taken  in  conjunction  with  modem  researches  in  bacteriology,  makes 
it  probable  that  the  virus  is  a  chemical  substance  produced  by  the 
organism  in  its  grewth.  This  brings  the  disease  into  close  affinity 
with  some  other  forms  of  multiple  neuritis,  on  which  it  throws  suffi- 

*  Also  Ogata  (18S8)  and  others.  They  have  hIso  been  fonnd  tpftriuglj  in  tbe 
oi-jTaiis,  even  in  the  spinal  conl,  which  is  oommonlj  free  from  diseaatb 
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dent  light  to  justify  this  somewhat  full  account  of  a  malady  that  is 
not  likelj  practicallj  to  concern  many  readers.  If  we  regard,  as  appa- 
rently we  must,  the  cardiac  failure  as  the  result  of  the  cardiac  neuritis, 
and  the  dropsical  effusion  as  the  combined  result  of  this  and  the  local 
trophic  and  yaso-motor  influence  of  the  neuritis  (to  which,  perhaps, 
the  change  in  the  blood  should  be  added),  we  haye  a  remarkable  illus- 
tration of  the  extent,  variety,  and  degree  of  the  secondary  processes  of 
disease  which  multiple  neuritis  may  produce. 

The  DiagnoM  can  only  be  a  matter  of  difficulty  in  a  yeiy  early 
case,  or  in  a  patient  who  is  not  known  to  have  been  exposed  to 
the  infection,  or  in  consequence  of  ignorance  of  the  disease.  Doubt 
may  exist,  however,  whether  in  a  given  case  the  malady  is  alcoholic 
neuritis  or  beri-beri.  The  former  is  probable  if  the  arms  are  inyolyed 
at  the  same  time  as  the  legs,  still  more  if  they  suffer  first;  also  if 
pains  are  severe,  oedema  absent,  and  the  heart  unaffected.  The  con- 
verse would  make  the  endemic  malady  probable.  Beri-beri  has  cer- 
tainly been  intensified  by  alcohol  in  some  cases,  and  the  symptoms 
then  presented  are  a  combination  of  the  two, — ^paina,  associated  with 
the  weakness  and  enlargement  of  the  heart  and  the  widespread 
tendency  to  dropsical  effusion  met  with  in  beri-beri.  In  most  cases 
some  other  indication  of  the  influence  of  alcohol,  especially  enlarge- 
ment of  the  liver,  will  assist  the  diagnosis.  From  other  forms  of 
multiple  neuritis  it  is  unlikely  that  the  diagnosis  would  have  to  be 
made.  From  affections  of  the  spinal  cord  the  distinction  (chiefly 
needed  in  the  chronic  "  dry  "  yariety)  depends  on  the  points  already 
mentioned  in  the  account  of  multiple  neuritis.  Acute  cases  with 
much  cedema  and  weakness  of  the  heart,  and  enlargement  of  the  right 
side,  may  be  mistaken  for  primaiy  heart  disease ;  but  if  the  symptoms 
of  beri-beri  are  known,  the  affection  may  be  recognised  by  the  absence 
of  any  indications  of  primaiy  valvular  disease;  while  an  examination 
of  the  legs  will  reveal  the  weakness  of  the  flexors  of  the  foot  and 
lessened  tactile  sensibility  in  the  skin  oyer  them. 

TrecUmefU, — Beri-beri  is  one  of  those  diseases  for  which  it  is 
probable  that  a  method  of  at  least  prophylactic  inoculation  will  be 
discovered  in  the  future.  At  present  the  destruction  of  the  organisms 
by  disinfecting  agents,  or,  better,  the  removal  of  a  person  to  an  unin- 
fected district,  constitutes  the  only  means  of  preserving  him  from  the 
continued  entrance  of  the  poison — a  measure  essential  for  successful 
treatment,  and,  in  many  cases,  all  that  is  really  necessaiy.  The 
limits  of  disinfection  are,  however,  reached  with  the  dwelling-house ; 
and  the  great  difficulty  presented  by  the  disease  is  the  manner  in 
which  whole  districts  are  capable  of  giving  rise  to  it,  probably  by 
the  infection  of  the  soil,  which  cannot  be  rendered  innocuous. 
However,  even  within  the  narrow  limits  of  personal  use,  disinfection 
has  achieved  some  remarkable  results,  and  in  few  diseases  has  the 
light  of  pathology  giyen  more  useful  guidance  to  the  hand  of  the 
practitiuuer 
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In  most  t^BBp6ctt  th6  treatmont  of  the  flyuLptosu  of  bdri-beii  doei 
not  differ  from  that  of  alcoholic  netiritiB.  A  special  point,  howeyer, 
is  that  the  strengthekiing  of  the  heart  bj  digitalis  or  strophanthus  is 
more  often  of  argent  importance,  and  requires  greater  care  lest  tbs 
feeb'ju  fibres  be  overtaxed.  Small  doses  should  therefore  be  given — 
three  or  at  most  five  minims  of  the  tincture  of  digitalis.  Bodily 
rest  is  of  paramount  importance  to  the  weak  oxgan,  in  order  that 
there  may  not  be  any  demand  on  its  energies  for  other  work  than 
that  involved  in  the  maintenance  of  what  may  be  termed  static 
nutrition,  and  that  it  may  be  spared  the  increased  work  necessi- 
tated by  muscular  exertion.  Strychnia,  quinine,  <&c.,  may  do  good* 
but  their  use  in  this  disease  does  not  difEer  from  that  in  the  more 
common  forms  of  multiple  neuritis. 


LbPROUS  WBTntlTIB. 

Far  removed  as  leprosy  may  seem  to  be  from  the  malady  last 
described,  both  by  its  general  character  and  extremely  chronic  course, 
it  is  certainly  also  an  endemic  disease;  its  cause  must  be  sought 
in  local  influences ;  and  it  agrees  with  beri-beri  in  the  nature  of  those 
influ^ices.  Since  the  researches  of  Carter,  Hansen,  and  Neisser 
showed  the  constant  presence  of  a  specific  bacillus  in  all  the  new 
formations  met  with  in  the  disease,  their  observations  have  received 
abundant  corroboration ;  the  disease  was  indeed  one  of  the  first  to  be 
proved  to  depend  on  living  organisms.  The  virus  resembles  that  of 
beri-beri  in  being  transmissible  from  individual  to  individual,  but 
differs  in  its  capability  of  passage  by  inheritaxice,  in  the  less  readiness 
with  which  it  passes  from  person  to  person,  and  in  the  extreme  slow* 
ness  with  which  it  commonly  develops  to  the  degree  necessary  to 
cause  symptoms.  Years  may  «lapse  after  the  last  possible  ezposurs, 
before  distinct  symptoms  of  leprosy  appear.  In  the  case  from  which 
Fig.  63  was  taken  the  sufferer  was  a  European  of  healthy  parentage, 
who  could  not  have  been  infected  within  ten  years  of  the  first  sym- 
ptoms. In  one  case  of  infection  from  adult  to  adult,  nine  years 
elapsed  after  the  death  of, the  leper  before  the  man  who  had  lived 
with  him  began  to  suffer.  When,  indeed,  a  large  quantity  of  the 
virus  is  received,  the  malady  develops  much  more  rapidly.  But 
leprosy  differs  from  beri-beri,  and  from  most  other  forms  of  multiple 
neuritis,  in  the  fact  that  although  InflaAnmation  of  many  nerves  is 
frequently  a  part  of  the  disease,  it  is  not  an  essential  part  or  a 
constant  feature  of  the  affection.  On  the  contrary,  it  is  only  one 
3f  an  extensive  series  of  lesions,  inconstant,  not  only  in  its  occur- 
rence, but  in  its  seat  and  extent.  It  characterises  a  special  variety 
of  the  disease,  the  "anaesthetic  leprosy,"  in  whidi  not  only  areas  of 
the  skin  become  insensitive,  but  the  ends  of  the  fingers  mav  saSiet 
such  an  impairment  of  their  nutrition  that  they  are  lost.    Moreover, 
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M  m  htuve  w&on  fat  tli6  iiitvodnctorj  wctiony  tii8  wut  of  fltnot  wjtn^ 
metxy  is  associated  with  aa  important  difierenoe  from  the  sjmmetoriQal 
forms — the  neniitia  is  not  a  parenchymatous  or  d^;eneratiye  f onn» 
but  is  a  perinenritis  and  inter^tial  neoiitis,  and  the  damage  to  the 
fibres  is  secondary.  This  change  in  the  connective  tissue  is  asso- 
dated  with  the  actual  prosoneo  of  the  organisms  in  it.  The  neuritis 
thus  seems  to  be  due  to  the  direct  action  of  the  bacilli  on  the  affected 
tissuesy  and  not,  as  in  beri-beri»  to  a  firus  circulating  in  the  blood — 
not  to  a  product  of  the  organisms,  but  to  the  organisms  themselves. 
This  fact  enables  us  to  understand  better  its  peculiar  features,  and 
especially  its  inegular  distribution;  the  inflammation  occurs  where 
the  organisms  happen  to  fix  themselves  in  the  connective  tissue,  and 
although  certain  common  conditions  on  the  two  liides  may  determine 
a  partial  correspondence  in  the  nerves  affected,  there  is  not  the  sym- 
metry that  results  from  an  action  on  like  structures  on  the  two  sides, 
equally  accessible  to  the  vims.  In  this,  and  in  its  connective-tissue 
seat,  the  neuritis  of  leprosy  resembles  more  the  isolated  neuritis  of 
syphilis,  rather  than  the  common  varieties  of  the  multiple  form.* 

The  symptoms  of  the  malady  are  extensive  and  various,  but  only 
those  that  consist  in  derangement  of  the  functions  of  the  nervous 
system  concern  us  here,  and  it  is  alike  needless  and  impracticable 
to  describe  the  others.  The  nervous  symptoms  of  leprosy  depend 
almost  exclusively  on  inflammation  of  the  nerves.  These  symptoms  axe 
muscular  wasting  and  annsthesia,  greatest  in  degree  towards  the  ex- 
traraitiefl  of  the  limbs,  but  more  or  less  inegular  in  situation,  and  m 
the  region  of  the  distribution  of  nerve-trunks,  which,  if  accessible,  am 
obviovisly  diseased.  The  symptoms  are  not  confined  to  the  limbs,  bat 
are  also  met  with  in  the  face,  where  an  affection  of  the  fifth  nerve  maj 
canse  ansosthesia,  and  movement  may  suffer  from  involvement  of  the 
trunk  of  the  facial  nerve,  so  that  the  eyelids  cannot  be  completely 
dosed.  The  form  of  sensilnlii^  that  is  impaired  also  varies;  sometimes 
touch,  sometimes  pain  is  lessened  in  gioatei'  degree,  but  usually  all 
forms  are  implioated  to  some  extent.  The  legs  often  suffer  before  the 
asms,  but  a  special  order  of  affection  cannot  be  distinguished.  Theire 
may  be  unpleasant  tingling  sensations,  but  pains  are  usually  trifling, 
periu^  because  the  prooess  is  extremdy  chronic.  In  some  cases  there 
may  be  severe  pain  in  the  position  of  the  nerves  or  de^ly  seated  in 
the  limbs*  The  inequality  of  the  affection  of  the  fibres  of  the  same 
nerve  is  shown  by  the  fact  that  the  knee-jerk  may  persist  although 
tiie  extensors  of  the  knee  are  partially  paralysed.  Fig.  62  shows  the 
distributioa  of  anesthesia  in  the  hands  in  a  well-marked  example 
of  this  diseaee  whieh  came  under  my  observation  some  years  ago. 
The  patient  was  a  cnols  of  Mauritius,  who  had  come  to  England 
in  early  childhood,  and  presented  the  first  distinct  symptoms  at 

*  Qeilsch  CTiroh.  Ardi.,'  exxv,  'Keor.  Cent.,'  1891,  p.  464)  laji  infection  ii  from 
iUd,  Imnchet  of  nenrsi  being  then  nffeeted  find  finally  the  nerre-tnmki,  to  tbet 
skin  mmj  be  eeen  fatSllraled  erhtn  nenree  etlll  renmin  frat. 
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twelve  years  of  age— cliaiiges  in  the  pigmentation  of  the  skin,  anses- 
thesia,  and  muscular  wasting.     Thej  steadily  increased  during  the 

next  four  years,  the  anaesthesia 

extending  each  half-year  from 

one  finger  to   another.     There 

was  also  patchy  ansesthesia  of 

the  legs  below  the  knee.    As 

the  figure  shows,  the  loss  of 

sensation  does  not  correspond 

in  area  to  nerve  distribution* 

This  depends  on  the  fact  that 

even  when  all  the  nerves,  in- 

^^^^     ^^^^  eluding  those  of  the  fingers,  are 

^^^m     ^^^K  diseased,  all  the  fibres  may  not 

^^^M       ^^^^^  he  destroyed  in  any  one  nerve^ 

^^^^Kl         ^^^^^k  ^  ^^^  some  sensibility  exists 

^^^^^ft  .     ^^^^^^  in    each    nerve  area.     Various 

Wv^^^^     '  ^^^^B^ft  perversions  of  sensibility,  spon- 

w    ^  ^^^™  ^^^^1    ^  taneous    "  dyssesthesiflB,*'    ting- 

/I IB  villi  ^^'  formication,  and  the  like, 

J  IN  V|\J  '^^^   precede    the    loss.      The 

"  '  latter  usually  occurs  gradually, 

but  sometimes  so  suddenly  as 
to  suggest  some  secondary 
vascular  lesion,  haemorrhage  or 
thrombosis,  in  the  vessels  of  the  nerve  that  is  the  seat  of  the  process 
— a  possible  result  in  its  early  and  most  active  stage.  It  must  be 
remembered  that  in  all  inflammations  of  the  sheath  and  interstitial 
tissues  this  proceeds  to  a  considerable  degree  before  the  fibres  of  the 
nerve  suiter,  and  thus  sudden  loss  of  sensibility  does  not  show  that 
the  nerve  was  previotisly  healthy.  This  occasionally  sudden  onset  is 
of  much  practical  importance ;  one  case  was  sent  to  me  from  a  place 
in  which  the  disease  is  endemic,  by  a  doctor  well  acquainted  with  it^ 
who  had  not  suspected  leprosy  because  the  ansesthesia  came  on  almost 
suddenly. 

Accompanying  ansesthesia  there  is  usually  some  muscular  wasting, 
which  may  be  great.  In  the  case  figured  it  was  considerable,  although 
only  in  the  small  muscles  of  the  hands  was  it  comparable  to  that  of 
progressive  muscular  atrophy.  The  electrical  excitability  of  the  mus- 
cles was  greatly  lowered  to  each  current,  and  this  is  perhaps  the  most 
common  condition ;  either  the  damage  to  the  nerves  is  so  chrenic  that 
the  fibres  undergo  slow  changes  p<m  passu  with  those  in  the  nerves  and 
their  endings,  or  the  patient  comes  under  observation  at  a  late  stage 
in  the  local  affection,  at  which  the  changes  present  in  the  early  stage 
have  disappeared;  sometimes,  indeed,  aJl  irritability  has  vanished. 
In  cases  that  are  seen  soon  after  the  onset  of  the  lesion  of  the  nervo8» 
there  may  be  the  reaction  of  degeneration  in  the  muBdes,  either  partial 


Fze.  62. — Distribution  of  nnsBPtbegia  in  a 
case  of  leprosy.  The  black  areai  indicate 
the  lou. 
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or  complete,  and  there  is  often  a  oonspicuons  exaltation  of  the 
mechanical  irritability  of  the  nerve-trunks.  When  the  facial  nerves 
are  affected  this  may  be  well  seen,  and  may  resemble  that  met  with  in 
tetany.*  The  thickening  of  the  nerve  may  be  felt  when  that  which  is 
affected  is  accessible.  The  state  of  myotatic  irritability  varies  accord- 
ing to  the  distribution  of  the  neuritis ;  it  is  lost  at  places  where  the 
sensory  or  motor  fibres  are  involved,  but  those  supplying  the  front  of 
the  thigh  and  its  muscles  often  escape,  and  the  knee-jerk  is  preserved. 
Anchylosis  of  the  joints  may  occur,  as  in  other  forms  of  neuritis. 

The  "mutilations"  of 
leprosy,  by  which  the  ends 
of  the  fingers  and  toes  are 
lost,  are  also  regarded  by 
tome  as  a  consequence  of 
the  neuritis.  The  nume- 
rous other  symptoms  of 
the  disease  are  indepen- 
dent of  the  nerves  (except 
perhaps  the  pigmentation 
of  the  skin),  and  are  be- 
yond the  province  of  this 
book. 

The  neuritis  of  leprosy 
is  typically  adventitial 
(Pig.  68).  The  primary 
sheath  and  the  secondary 
ghflft^^"  of  the  fasciculi 
are  greatly  increased  in 
thickness,  and  consist  of 
nucleated  fibrous  tissue 
arranged  concentrically  (a, 
b).  From  the  sheath* 
tracts  extend  into  the  in- 
terior of  each  fasciculus 
(b),  isolating  the  groups 
of  nerve-fibres.  The  in- 
crease of  tissue  even  ex- 
tends between  the  fibres 
themselves  (o),  and  these 
undergo  slow  wasting ; 
many  of  the  fibres  in  the 

figure  are  seen  to  be  distinctly  narrower  than  normal.  The  concentric 
growth  of  fibrous  tissue  may  even  invade  the  whole  area  of  the  fasci- 
culus, all  the  nerve-fibres  perishing  before  it  (d).  The  characteristic 
bacillus  of  leprosy  is  found  abundantly,  in  recent  cases,  in  the  new 
tissue  of  the  nerves.  Peculiar  cells  are  met  with,  infiltrated  with  the 
•  Schnltie.  •  Deut.  Arch,  f .  kl  u.  Med.,'  1888,  Bd.  xliii. 


PiO.  63, — Sections  of  nervM  from  a  case  of  nosbs- 
thetic  leprosy,  nnder  the  care  of  Dr.  BuESMrd. 
▲,  median  nerve  at  wrist  x  6|  B,  portion  of 
same  mure  highly  magnified ;  0,  part  of  a  less 
diseased  fasciculns  f  i-om  the  nlnar  nerve ;  D,  a 
smuU  fasciculus  from  median  in  which  the  con- 
oentric  fibres  have  invaded  the  whole  area  of 
the  fasciculus. 
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ocganisnis.  Aa  the  thmoM  HaauB  dtFelopa  and  eontmcta,  the  bftcOli 
flaem  to  perish,  and  ultimately  ean  no  longer  be  disooyered. 

The  diagnoiis  depende  on  the  oocurrmoe  of  irregular  areas  of  anass- 
thesia,  generallj  associated  irith  irregular  patches  of  pigmentation 
and  pallor  in  the  skin,  and  often  with  muscular  atrophy,  in  a  person 
who  has  been  exposed  to  the  risk  of  infection,  genenJly  bj  haying 
lived  in  a  district  in  which  the  disease  is  endemic.  The  irregularitj 
of  distribution  and  the  limitation  of  considerable  sensory  changes 
sufficientlj  distinguish  it  from  other  forms  of  neuritis.  The  spinal 
affections  with  which  the  mixed  aneesthesia  and  wasting  are  most 
likely  to  be  confounded  are,  as  Schultze  has  pointed  out,  cases  of 
syringomyelia  in  which  the  distension  of  the  central  cavity  damages 
the  grey  matter,  and  may  cause  similar  symptoms  of  irr^ular  distri- 
bution— ^muscular  atrophy,  sensory  impairment,  trophic  disturbance.* 
But  these  are  limited  to  the  arms ;  and  if  the  legs  suffer  it  is  in  a 
different  way— as  simple  paraplegia  with  excess  of  myotatic  irritability 
that  may  go  on  to  spasm. 

The  prognosis  of  the  disease  in  the  simple  anaasthetic  form  is  grave 
only  when  the  sufferer  is  still  exposed  to  fresh  infection,  or  in  cases  of 
considerable  severity.  But  it  must  be  remembered  that,  just  as  the 
disease  may  develop  long  after  exposure  to  its  cause,  so  it  may  sbwly 
increase  for  a  long  time  after  this  exposure  has  ceased. 

The  treatment  of  the  affection  is  beyond  the  scope  of  this  work ;  in 
BO  far  as  the  nerve  symptoms  require  special  measures,  these  are  the 
same  as  in  ordinary  neuritiB.  A  trial  may  be  made  of  the  atimnla* 
tion  of  the  muscles  by  whatever  form  of  electricity  th^  will  respond 
to,  and  of  the  ansdstiietio  areaa  in  the  skin  by  the  wire  brush  aad 

HEBFETIO  NEUKITIS. 

Among  the  cutaneous  eruptions  occurrin|^  in  acute  neoritia,  that 
which  characterises  *'  herpes  zoster  "  has  been  mentioned.  This  affec- 
tion always  presents  a  correspondence  in  area  with  nerve  distribution  { 
a  definite  neuritis  has  been  found  in  the  rare  cases  which  have  afforded 
an  opportimity  for  pathological  investigatibn ;  and  pain  with  other 
nerve  symptoms  is  common,  and  may  be  conspicuous.  Hence  herpes, 
although  usually  described  as  a  sldn  disease,  is  reaUy  the  manifestation 
of  a  form  of  neuritis  which  is  sufficiently  individual  in  course  and 
features  to  merit  a  separate  description.f 

Causes. — Our  knowledge  as  to  the  setiology  of  the  neuritis  which 
underlies  the  most  oommon  form  of  herpes  is  still  veiy  incomplete. 
An  important  clue  is,  however,  afforded  by  the  fact,  first  pointed  out 
by  Mr.  Jonathan  Hutchinson,  that  the  disease  may  be  induced  by  the 

•  See  "*  Morvan's  Diieese/'  later. 

t  Tba  fiimt  •uggettion  at  to  tbe  nervoos  origin  of  herpei  leeins  to  hftto  been  aiade 
by  Bicbard  Bright,  'Beports  of  Medical  Gasei^'  1831,  toI.  ii,  part  1. 
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preaoooe  of  araenio  in  tbe  Uood.  Hiib  inAieiutes  Aftt  Hb  wmf  he  doe 
to  a  chemi'-al  toxio  agent  in  the  drculation,  aad  suggests  that  at 
iti  common  oauie.  But  the  nature  of  the  ag^it  is  still  qnite  nn^ 
known.  The  cafeful  veaearches  of  Bendn  oaat  doubt  upon  the  aetio- 
logical  importance  once  attributed  to  gout,  although  a  causal  oonneetion 
caa  occaaionallj  be  traced,  m  in  a  weUrknown  eaae  of  Trouseeau's. 
Ebfitein  *  records  the  case  of  two  brothers  who»  after  eating  musselSr 
developed  the  one  urticaria,  the  other  herpes.  The  affection  has  been 
traced  to  malaria  bj  Winfield.f  We  know,  furthermore,  that  some  of 
the  many  varieties  of  rheumatic  toxins  may  act  upon  Tarious  parts  of 
the  nervous  s jstem,  in  a  manner  not  unlike  that  seen  in  poisoning  bj 
arsenic,  so  far  as  concerns  the  characters  of  the  nerve  inflammation. 
Herr^etic  neuritis  maj  thus  probablj  be  produced  bj  toxins  introduced 
from  wUihout,  or  manufactured  within  the  body  ;  it  may  even  assume 
an  epidemic  form.  We  do  not  know  why  it  should  usually  be  unilateral 
and  show  a  predilection  for  certain  regions ;  the  reason  is  probably  a 
local  one,  and  it  may  be  noted  that  herpes  has  been  seen  to  develop 
in  the  scar  of  a  bum,  and  to  reappear  in  those  left  by  a  first  attack 
forty-six  yeacs  previously.  Neither  age  nor  sex  seems  to  have  mueb 
influence  in  relation  to  the  disease. 

Patholoqioal  Avatokt. — ^The  indications  of  inflammation  have 
been  found  especially  in  the  ganglia  on  the  posterior  spinal  roots ;  they 
tend  to  spread  centrally  towards  the  cord,  rather  than  peripherally. 
The  Gasserian  ganglion,  which  corresponds  to  that  of  a  posterior  root, 
is  similarly  affected  in  herpes  frontalis.  Although  these  inflammatory 
changes  were  first  described  (by  von  Barensprung)  as  long  ago  as  in 
1861,  our  knowledge  as  to  thrir  exact  nature  is  still  meagre.  We  can 
state,  however,  that  they  affect  primarily  the  intexcellulajr  material, 
and  that  they  sxe  ordinarily  very  severe,  frequently  inducing  hsBmor- 
rhagic  exudation;  the  swelling  and  injection  of  the  ganglia  and 
adjacent  nerve-trunks  are  usually  macroscopically  evident.  We  must 
distinguish  from  this  primary  form  those  in  which  the  eruption  is  only 
a  conspicuous  symptom  of  inflammation  communicated  to  the  nerve,  or 
dearly  secondary  to  some  other  cause.  Thus  Wagner  records  in  one 
case  purulent  pachymeningitis  and  swelling  of  the  spinal  ganglia  of 
the  adSEected  area.  The  occurrence  of  bilateral  herpes  is  explained 
by  Kaposi  t  on  the  ground  of  primary  affection  of  the  spinal  cord, 
but  no  anatomical  proof  of  this  is  adduced,  and  it  seems  more 
reasonable  to  look  to  the  general  action  of  the  toxic  agent  in  the 
blood  as  the  cause.  As  to  the  nature  of  this  agent  we  are,  except 
in  the  case  of  the  special  poisons  already  mentioned,  absolutely 
ignorant.  This  point  has  already  been  discussed  in  connection  with 
neuritis. 

With  regard  to  distribution,  although  practically  any  sensory  nerve 

•  •  Vlrcliow't  Arebiv,'  vol.  exxzix. 
t  •  New  rork  Med.  Jonrn.,'  1895. 
t  Enleubeff^i « BmA  Sacyklopidie,'  «rt.  <«  Herpes.** 
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may  anffer,  the  main  incidence  is  upon  the  interoostals,  and  partica* 
larlj  those  of  the  lower  dorsal  region;  the  fifth  ner^e,  in  any  of 
its  branches,  but  particularly  the  first  and  second,  and  the  branches  of 
the  cervical  plexus,  giving  rise  to  the  ocdpito-oerrical  form,  the  small 
occipital  and  great  auricular  nerves  being  most  affected.  The  lower 
part  of  the  leg  is  an  occasional  seat;  the  arm  very  seldom  suffers. 
The  inflammatory  process  may  spread  to  the  adjacent  motor  nerves 
(see  later),  or  into  the  spinal  cord,  leading  in  one  case  to  death  from 
ascending  myelitis.*  The  herpes  itself  is  commonly  ascribed  to  im- 
plication of  trophic  nerves,  but  Ebstein  (loc.  dt.)  regards  it  as  due  to 
inflammatoiy  irritation  of  the  vaso-dilator  fibres. 

Symptoms. — ^The  description  of  the  herpetic  eruption  falls  properly 
within  the  province  of  dermatology.  Areas  of  congestion  appear 
with  oedema  passing  on  into  inflammation  with  effusion;  the  epi- 
dermis is  raised,  and  pus  may  ultimately  form.  The  conspicuoiis 
commencement  in  certain  foci  is  probably  to  be  referred  to  the 
affection  of  terminal  nerve  divisions,  or  their  corresponding  ganglionio 
oells.  It  is  significant  of  a  general  toxic  cause  that  the  attack  may  be 
ushered  in  by  gastric  prodromata,  particularly  vomiting,  with  con- 
comitant fever.  Of  the  neuritic  symptoms  the  most  conspicuous  is 
pain,  which  will  be  more  fully  considered  under  the  head  of  neuralgia ; 
it  will  here  suffice  to  note  the  distinctions  between  the  pre-  and  post- 
herpetic pains,  the  former  of  which  usually  abates  with  the  appearance 
of  the  rash,  while  the  latter  is  both  more  severe  and  of  longer  duration. 
Either  ansesthesia  or  hypersBsthesia  of  the  region  served  by  the  affected 
nerve  frequently  follows  the  eruption;  there  is  in  some  cases  per- 
sistent interference  with  conduction.  Motor  affections  are  also  not 
uncommon.  These  may  be  simply  immobility  from  hypersBsthesia  or 
true  paralysis  from  spreading  of  the  neuritis  to  motor  nerves.  In  the 
latter  case  there  is  some  muscular  atrophy  with  more  or  less  perfect 
reaction  of  degeneration.  Ebstein  has  collected  twenty  oases  of 
herpetic  palsy,  of  which  at  least  two  were  simply  hypersBsthetio 
immobility;  in  three  of  the  others  the  paralysis  preceded  the  erup- 
tion. The  facial  nerve  is  the  one  which  most  commonly  suffers,  and 
its  palsy  may  supervene  upon  herpes  of  the  trigeminal  or  occipito- 
cervical type.  In  a  case  recorded  by  Lesser,  frontal  herpes  was 
succeeded  by  paralysis  of  the  fourth  cranial  nerve,  the  inflammation 
having,  it  is  suggested,  spread  from  one  nerve  to  the  other  in  the 
navemous  sinus. 

As  regards  prognosis,  all  that  need  be  said  is  that  the  severity  and 
persistence  of  the  neuritis  usually  vaay  directly  with  the  age  of  the 
patient. 

The  question  of  the  treatment  of  herpes  does  not  fall  within  the 
scope  of  this  book ;  it  may,  however,  be  mentioned  that  the  pain  is 
frequently  alleviated  by  galvanism,  failing  which  cocaine  may  be  tried* 

•  Hardy, « Gai.  des  Hdpitaux,'  1876. 


PART   HI. 
DISEASES  OF  THE   SPINAL  CORD. 


INTRODUCTION. 

ATSIATOVY  OF  THE  SPUStAL  OOBD* 

Thi  spixial  cord,  it  will  be  remembered,  is  much  shorter  than  the 
spinal  canal,  reaching  only  to  the  second  lumbar  vertebra.  Hence  the 
nerve-roots  descend  to  their  foramina  of  exit.  The  lower  they  arise, 
the  longer  is  their  intra-spinal  course.  All  those  below  the  second 
Inmbar  parr  leave  the  canal  below  the  lowest  portion  of  the  cord.  It 
is  customaiy  to  speak  of  the  portion  of  the  spinal  cord  from  which 
each  pair  of  nerves  arise  as  the  corresponding  "  segment "  of  the  cord. 
The  segments  are  longest  in  the  dorsal  region,  and  shortest  in  the 
lumbar  enlargement.    Thej  are  also  called  "  metameres." 

The  only  parts  of  the  spinal  column  that  we  can  usuallj  feel  are 
the  vertebral  spines.  Many  of  these  are  not  on  a  level  with  the 
bodies  of  their  vertebrse.  It  is  important,  therefore,  to  know  the 
relation  of  the  spines  to  the  bodies  of  the  several  vertebrse,  and  of 
these  to  the  origin  of  the  nerves.  These  relations  are  shown  in  the 
accompanying  figure  (Fig.  64). 

Of  the  Membranet,  the  pia  mater  closely  invests  the  surface,  and  ii 
continuous  with  the  tracts  of  connective  tissue  that  pass  within  the 
substance  of  the  spinal  cord.  It  is  also  prolonged  along  the  nerve- 
roots  as  their  sheaths.  The  arachnoid  forms  a  much  less  close  invest- 
ment. The  dura  mater  is  not  in  contact  with  the  bones  as  it  is  in  the 
cranium,  but  a  layer  of  fat  and  a  plexus  of  large  veins  intervene 

*  The  following  outline  of  the  anatomy  of  the  ipinal  oord  is  intended  merely  to 
place  before  the  reader  thoie  points  that  are  essential,  or  likely  to  become  so,  for 
nnderstanding  the  functions  of  the  organ  and  the  symptoms  of  its  disease.  It  does 
not  profen  to  be  exhanstive  even  in  outline,  and  is  designedly  kept  as  free  as 
possible  from  whatever,  in  either  the  substance  or  terminology  of  recent  science, 
does  not  come  within  the  scope  of  those  objects.  Many  of  the  results  reached 
by  modem  InTeetigators  are  mutually  incompatible,  and  where  a  choice  has  been 
■ecessary  the  obsenrers  have  been  followed  who  possess  the  greatest  authority  and 
whose  coneliisions  best  agree  with  facts  previously  ascertained. 
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between  the  two.    It  thus  forms  a  loose   sheath   for  the   oord, 
and  Yariations  in  tlia  amount  of  blood  in  the  plexuses  outside  it 

permit  corresponding  (but  inverse)  varia- 
tions of  the  amount  of  cerebro-spinal 
fluid  within  it.     An  extension  of   the 
^    I  ^  dura  mater  passes  along  each  nerve-root, 
Cf  Cdl^1la\       ^  ^     and  blends  with  its  sheath. 

Stbuctubb  or  the  Spinal  Cord.— 
The  general  form  of  the  cord,  the  enlarge- 
ments it  presents,  and  its  constitution  of 

•  white  and  grey  substance,  are  too  well 

7  faiown  to  need  description  here.     The 

8  white  aubatance  surrounds  the  grej^  ex- 
'^  I D  cept  at  the  two  points  at  which  the 
~  2  posterior  horns  come  to  the  surface 
-  g     (Fig.   65).     It  consists  of   medullated 

nerve-fibres,  chieflj  longitudinal.     The 
posterior  comua    isolate    the    posterior 

*  columns  from  the  rest  of  the  white  sub- 
*~  a     stance.    These  columns  are  separated  bj 

/A  ^%=r^'    "  "*  7     a  "  posterior  median  septum  "  of  conneo- 

-v  ^^r^ ^^®  tissue,  and  a  little  distance  from  this 

(/    ^^^  another  incomplete  septum,   "posterior 

/    flLw^ "^ 9     intermediate  septum,"  corresponding  to 

vy     3S  ^^  \  „.  jQ    a  depression  on  the  surface,  marks  o£E 

a  portion  next  the  median  septum,  the 
**    " postero-median  column,"  or  "column 
--■  IS    of  Qoll,"  from  the  part  next  the  pos- 
terior horn,  "  postero-extemal  column," 
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Pia.  64.--Diagram  (fnuned  from  wa  origfiml  in* 
▼ettigation)  showing  the  ralation  of  the  Tsrto* 
bral  spines  to  their  bodies  and  to  the  origiin  of 
the  several  nenre-roots.  It  will  be  seen  that 
the  ends  of  the  vefrtebral  spines  an  opposite 
the  middle  of  their  own  bodies  onlv  in  the 
lumbar  region;  they  correspond  to  the  lower 
edge  of  their  own  bodies  in  th«  oerrical  and 
the  first  two  dorKsl  vertebrsn,  and  to  the  upper 
part  of  the  body  below  in  the  rest  of  the  dorsal 
region.  Each  cerrical  spine  is  nearly  opposite 
the  lower  roots  of  the  nenre  below ;  the  vertebra 
prominens  is  opposite  the  first  dorsal  roots,  nnd 
from  the  8rd  to  the  10th  dorssl  the  spines 
correspond  to  the  second  root  b«low}  the  11th 
■pine  corresponds  to  the  lit  and  2nd  lumbal 
nerves,  the  12tb  to  the  8rd,  4tli,  and  5th ;  the 
Ist  louibar  to  the  Ist,  2nd,  and  drd  sarral 
nerves,  while  the  tip  of  the  cord  If  opposits 
the  npper  part  of  the  2ud  lambar. 

m  "column  of    Burdach,**  the    part    of    which    next   tho    oomu 
is  called  the  "posterior  root-zone,"   because  many    fibres    of  the 
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posterior  root  pass  throogli  it.    The  rest  of  the  white  substanoe  is 
dirided,  in  the  middle  line  in  front,  by  the  anterior  median  fifl0axe» 


Fie.  66. — Diaimiin  of  •  ■ection  of  the  tpin&l  cord  in  the  cervical  i>eg!oiu  ▲.  a» 
Anterior  commissnre;  T,  0.,  posterior  commiMure;  I.  g.  ■.,  intermediate  grey  snb* 
■taoee;  p.  Cor.,  pocterior  oomo;  c.  e.  p.,  CMpnt  coma  posteriori!;  l.  l.  Xii,  lateral 
limitinfr  layer;  a.*l.  ▲•  T.,  antero-Uiteral  ascending  tract,  which  extends  along  the 
periphery  of  the  cord. 


down  which  the  pia  mater  end  blood-yessels  pass,  and  at  the  bottom 
of  which  is  the  anterior  or  white  commissure.  Between  the  anterior 
median  fissure  and  the  posterior  comu  the  white  substance  is  con- 
tinuous and  undivided,  extending  round  the  front  and  side  of  the 
cord.  It  is  artificially  dirided  into  an  anterior  and  a  lateral  column, 
the  line  of  division  being  the  outermost  of  the  anterior  nerve-roots, 
which  pass  through  the  front  of  the  cord ;  but  there  is  no  corre- 
sponding distinction  of  structure,  and  hence  it  is  often  termed  the 
**  antero-lateral  column." 

The  white  substanoe  varies  in  amount  in  different  parts  of  the 
cord,  but,  as  a  whole,  lessens  gradually  from  above  downwards  (see 
Fig.  66).  It  is  everywhere  composed  of  meduUated  nerve-fibres, 
which,  however,  possess  no  neurilemma- sheath  In  carmine-stained 
sections  the  axis-cylinder  is  seen  within  each  fibre,  not  always  in  tlie 
centre,  and  around  this  are  concentric  cloudy  lines  due  to  the  irregular 
refraction  of  the  white  gubstanct;. 

Between  the  fibres  is  a  peculiar  substance,  the  "neuroglia,**  or 
nerve-cement.  It  appears  to  consist  of  nucleated  branched  cells 
("spider-cells"),  whose  long,  delicate  processes  form  the  fibres  of 
the  neuroglia.  The  cells,  stellate  on  section,  are  found  in  the  larger 
interspaces  between  the  nerve-fibres.  The  fibres  of  the  neuroglia 
branch  and  interlace,  forming  a  very  fine  network}  some  of  them 
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are  arranged   radiallj;   starting  centrally  from  the  outer  ends  of 
the  ciliated  epithelial  cells  which  line  the  cerebro-spinal  canal,  they 

diverge,  branching  as  they  go 
towards  the  surface  of  the  cord. 
This  neuroglia  is  developed  from 
the  same  (epithelial)  embryo- 
logical  elements  as  the  nerve- 
structures — an  important  fact, 
because  it  enables  us  to  under- 
stand the  fact  that,  in  defective 
development  of  the  nerve-struc- 
tures, the  neuroglial  tissue  is  ex- 
cessive in  amoimt.  But  its  differ- 
entiation in  development  involves 
also  its  chemical  nature,  since  it 
contains  far  more  of  a  material 
like  that  of  hair  or  horn,  and 
hence  called  "  neurokeratin," 

The  nerve-fibres,  thus  con- 
nected, lie  in  a  coarser  network, 
formed  by  branching  processes 
of  septa  that  proceed  inwards 
from  the  pia  mater.  In  these 
septa  blood-vessels  run,  and  some 
are  occupied  by  nerve-fibres  that 
have  a  horizontal  course.  The 
septa  oonsist  of  fine  fibres  of 
ordinary  connective  tissue  from 
the  pia  mater,  and  of  neuroglial 
material,  which  forms  also  a  layer 
between  the  membrane  and  the 
nerve-fibres  in  the  intervals  be- 
tween the  septa.  This  layer  varies 
considerably  in  thickness.  Many 
of  the  septa  pass  through  the 
white  substance  to  join  projec- 
tions from  the  grey  substance, 
which  cause  the  irregularity  of 
the  outline  of  the  latter.  These 
processes,  outside  the  neck  of  the 
posterior  comu,  are  broad,  and  join 
each  other  so  as  to  form  a  sort  of 
network,  the  meshes  of  which  en- 
close columns  of  nerve-fibres.  This 
o^ia_L>-'^  jg  qqXIq^  ii^Q  **  lateral  reticular  for- 

Fia.  66.-  Diagram  sliowingr  the  relative      mation  "  (Fig.  65,  right  side  ;  also 
Bize  and  shape  of  the  cord  and  grey      aa  ^o     q\      rm  Z  .  e  ^^ 

matter  at  diflerent  levels.  66,  c  2 — 8).    The  substance  of  the 
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horn  behind  the  caput  ii  sometimes  broken  up  in  the  same  iraj— 
the  "posterior  reticular  formation.'*' 

The  ffrey  tuhstance  varies  in  shape  and  size  in  different  parts  of  the 
oord,  being  largest  in  the  oenrical  and  lumbar  swellings,  and  corre- 
sponding to  the  number  and  size  of  the  nerve-roots  given  off.  lie 
variations  in  shape  and  size  are  indicated  in  the  accompanying  figure 
(66),  and  will  be  readilj  understood  bj  an  examination  of  this.  The 
division  into  anterior  and  posterior  horns  or  oomua  is  familiar.  The 
part  on  each  side  that  intervenes  between  the  two  horns  may  be 
convenientlj  termed  the  **  intermediate  grev  substance  "  (I.  g.  s.  in 
Fig.  65).  In  the  dorsal  region  a  projection  from  this  extends  into 
the  lateral  column  (Fig.  66,  d  2,  5,  and  8),  and  has  been  termed  the 
"lateral  horn'*).  It  is  customary  to  divide  the  grey  matter  into 
two  varieties,  "spongy"  and  "gelatinous."  The  latter  forms  a 
cap  on  the  posterior  horn,  and  a  layer  immediately  around  the  central 
canal,  and  is  named  on  account  of  its  naked-eye  aspect  It  consists 
largely  of  neuroglia,  traversed,  however,  by  nerve-6bres,  and  with 
numerous  nerve-cells  scattered  through  it.  The  spongy  substance, 
which  forms  the  rest  of  the  two  comua,  consists  mainly  of  an  exces- 
sively fine  f  elty  network  of  very  narrow  medullated  nerve-fibres,  naked 
axis-cylinders,  and  fine  nerve-fibrillffi  which  arise,  in  part  at  least, 
from  the  dendrites  of  the  nerve-cells,  and  in  part  by  a  division  of 
the  axis-cylinders  of  the  nerve-fibres.  These  structures  are  em- 
bedded in  a  supporting  neuroglia.  Through  it  course  many  larger 
medullated  nerve-fibres,  passing  to  or  from  the  white  columns  and 
nerve-roots.  In  it  also  lie  many  nerve-cells  of  various  sizes.  Those 
in  the  anterior  comu  are,  for  the  most  part,  large  "  ganglion-cells ; " 
each  contains  a  large  nucleus,  and  usually  a  mass  of  pigment,  and 
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Fio.  67. — A  nerve-cell  from  the  anterior  coma  of  the 

ipinal  cord  of  mnnt   a,  Qobmnched  procett  becoming 

tbe  aiit-eylinder  of  a  nenre*fibre|  h,  pigment  mass. 

(After  Qerlacb.) 
Fio.  68. — Nerve-celU  of  tbe  anterior  como  fending  a  pro- 
cess into  t1  •  anterior  root.    (After  Henle.) 
Fie.  60. — A  fine  nprve-flWre  dividin«r  into  two  parts,  each 

of  wbii  h  Joins  tbe  plexus  of  fibrill»  formed  by  tbe 

brancbing  prooes^es  of  a  nerve-ceU.    From  the  spinal  cord  of  au  ox.    (Aftei 

Garlach.) 
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■onjb  oat  aey^ral  piooeweB.  Que  prooMs,  tW  axo%  !•  eonlamvoua 
with  the  axis-cjlinder  of  a  nerve-fibie  (Fig.  67),  aod  can  be  aometimee 
traced  into  a  fibre  of  an  anterior  root  (Fig.  68),  The  other  prooeaseg, 
or  dendrons,  after  a  longer  or  shorter  course  ^vide  and  subdiTide, 
their  ramifications  ending  in  minute  knobs  in  the  sponge-like  matrix 
of  tlie  grej  substanoe.  In  this  thej  are  probably  brought  into  dose 
contiguity  with  the  terminal  ramifications  of  other  neurons  (Fig.  69), 
These  ceUs  lie  in  groups,  between  and  through  which  course  tracts  of 
fibres,  chiefly  from  the  anterior  roots.  Other  fibres  come  from  the 
anterior  commissure,  white  columns,  and  posterior  horn.  The  axons 
of  these  cells  are  certainly  motor  in  nature,  and  become  the  motor 
fibres  of  the  spinal  nerres.  Similar  cells  are  also  found  in  yaiying 
numbers  at  the  anterior  periphery  of  the  cord,  and  erea  among  the 
fibres  of  the  already  descending  anterior  roots.*  Birge,  in  a  careful 
iayestigation,  found  that  in,  each  segment  of  the  spinal  cord  of  the 
frog  the  number  of  nerve-cells  in  the  anterior  comu  nearly  corresponds 
to  the  number  of  fibres  of  the  anterior  roots  arising  from  that  seg^nenL 
Each  cell  is  traversed  by  many  nerve-fibrilkB,  such  as  are  discerned  in 
a  ceU-process  or  in  the  axis-cyUnder  of  a  nenre-fibre.  These  cross  sjid 
intermingle  in  the  middle  of  the  cell,  but  pass  along  the  naargin  from 
one  process  to  another.  By  this  arrangement  impulses  entering  the 
cell  by  one  process  may  leave  it  by  many.f 

The  arrangement  of  the  nerve-cells  of  the  anterior  comu  is  of  some 
practical  importance,  on  account  of  the  frequency  with  which  this  part 
is  the  seat  of  limited  lesiona.  They  form,  as  already  stated,  certain 
groups,  but  these  groups  vary  in  different  regions  of  the  cord,  partly 
under  the  influence  of  the  shape  of  the  horn,  partly  irrespective  of 
this ;  and  they  even  vary  in  parts  of  the  cord  that  are  near  together. 

They  are  influenced  by  the  course  of  the  tracts  of  fibres  of  the  ante- 
rior roots,  which  may  pass  through  a  group  and  break  it  up  into  smaller 
groups,  although  in  a  neighbouring  section  it  is  undivided  (see  Fig.  70, 
the  cervical  groups).  Hence  very  difEerent  descriptions  have  been 
given  of  these  groups,  and  the  process  of  distinction  has  sometimes 
been  carried  too  far.  The  groups  that  can  most  readily  be  recognised 
are  the  following : — ^In  the  inner  anterior  angle  of  the  cornu  is  a  smaU 
group,  the  inner  or  median  group.  This  is  one  of  the  smallest,  and  is 
absent  in  some  parts  of  the  cord,  especially  in  the  lumbar  region.  A 
much  larger  group  lies  near  the  anterior  edge  of  the  horn,  in  the 

•  Hoche,  •  Neurol.  Centralbl.,*  1891. 

t  Krontlial, '  Near.  Centralbl^  1890,  p.  40.  ImpaUes  may  thos  be  diffnsed,  even 
if  there  ii  no  junction  of  Abrillfli  or  paaiRge  of  impulsei  from  one  fibril  to  another. 
Thii  arrangement  provides  a  mechanlem  by  which  the  nerre-oells  may  conduct  and 
diffuse  impnlsee,  bat  inch  a  mechRnism  does  not  exclude  (aa  has  been  assumed)  the 
reinforcement  or  origination  of  such  impulse«(,  snd  their  disooverj  leaTcs  nntonehed 
the  facts  which  demonstrate  the  trophic  influence  of  the  cells,  and  the  manner  in 
which  they  arrest  secondary  degenerHtion.  These  functions  are  indicated  by  facts 
of  a  totally  different  nature.  Kronthal'i  observationa  are  of  great  import sace,  and 
appear  trustworthy. 
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jniddk*  «r  «  Uttk  to  ilit  onter  Me  of  the  middle,  tiie  wnterior  ^roup, 
BxtenuJ  to  tbiB,  in  tke  outer  extromitj  of  the  front  part  of  the  hom^ 
is  another  group,  the  atUero-laUral  group.  Ihese  two  groups  are 
often  blended,  lo  that  the  anterior  group  cannot  be  eeparatcly  distin- 
guiahed,  at  in  tiM  right-hand  mid-ceryioal  figure.  A  fourth  g^up, 
usually  the  largest,  lies  in  the  outermost  part  of  the  horn,  behind  its 
front,  usuallj  in  the  posterior  outer  angle ;  it  marj  extend  inwards, 
halfwaj  across  ihe  horn.  It  is  called  the  emtemal  or  pottero-lateral 
gramp  (p.-Xn»  Fig.  70).    These  three  are  the  most  important  groups. 
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ffte.  70L~Diftgnunt  of  tlit  gronpi  of  nerve-cclU  in  the  ftoterior  cornu.  Qroups : — 
Ly  mner  or  medial }  A.,  anterior ;  ▲.-l.,  an tero- lateral ;  P.-L^  poatero-lateral ;  I.  l.  9., 
lalsraiediate  lateval  psooeat ;  p.  r,  a,  posterior  Yeaionlar  column  or  tract.  The  two 
■id-oerrical  Mctioni  are  only  a  few  millimetree  aparty  and  ihow  how  the  anterior 
group,  separate  in  the  on**,  may  he  hlended  with  the  antero-lateral  group  in  a 
■eighhonring  part  of  the  cord. 

There  is  in  some  parts  also  a  e&ntrdl  ^o»/7,  occupying  nearly  the  centre 
of  the  horn.  In  the  small  eomu  of  the  dorsal  region  often  no  well- 
defined  groups  can  be  made  out,  but  when  any  oan  be  recognised,  thej 
aie  generally  the  anterior  and  external. 

Similar  cells,  usually  smaller  in  size  and  isolated,  are  scattered 
through  the  intermediate  grey  matter,  and  a  group  of  cells  occupies  a 
psojeotion  outwards  into  the  lateral  column  in  the  lower  cerrical  sad 
upper  dorsal  regions.  It  was  termed  by  Lockhart  Clarke  the  interm 
imedio'^aieral  trad,  but  is  better  designated  the  intermediate  proeu$ 
(or  taieral  ham),  and  the  cells  the  iniermedicUe  group  (z.  l.  p.,  Fig.  70). 
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Neire-oells  also  lie  in  the  grey  matter  of  the  reticular  formatioxia. 
lateral  and  posterior,  and  are  ■ometimes  described  as  special  groups. 
Many  isolated  cells,  medium  and  small  in  sisCt  also  lie  in  the  posterior 
horn.  These  are  probably  connected  with  some  of  the  fibres  of  the 
posterior  roots.    They  extend  back  into  the  caput  comu  posterioris.* 

Throughout  the  dorsal  and  in  the  upper  lumbar  cord  a  group  of 
nerre-cells  lies  in  the  inner  part  of  the  neck  of  the  posterior  horn,  the 
posterior  vesicular  column  of  Lockhart  Olarke  (sometimes  called 
"  Clarke's  column  ")  (p.  v.  o..  Fig.  70 ;  see  also  Kg.  80).  Most  of 
these  cells  are  fusiform  in  shape,  but  are  placed  vertically,  so  that  they 
appear  round  or  oyal  in  transverse  section,  and  their  processes  are  not 
seen.  Some,  however,  present  processes  that  run  forwards  or  back- 
wards. Nerve-fibres  pass  into  and  by  it,  which  we  shall  consider  sub- 
sequently. Although  this  tract  is  chiefly  developed  in  the  hmer  dorsal 
and  upper  lumbar  cord,  a  few  nerve-cells  of  similar  character  are  met 
with  in  the  same  position  in  other  parts,  and  are  occasionally  soffi* 
ciently  numerous  to  form  a  small  group. 

The  "gelatinous"  grey  matter,  ^rey  evhetance  of  Eolandop  which 
forms  a  cap  on  the  posterior  horn,  eapui  eomu  posteriorie  (c  c.  p.* 
Fig.  65),  differs  considerably  from  the  spongy  substance.  It  has 
been  described  as  made  up  of  granules,  but,  according  to  later 
researches,  consists  of  a  peculiar  translucent  material  forming  an 
excessively  fine  network,  which,  like  the  rest  of  the  neuroglia,  behaves 
to  reagents  like  homy  material.  In  the  embryo  it  is  continuous  with 
that  which  surrounds  the  central  canal,t  but  from  this  it  becomes 
separated  in  the  course  of  development.  Its  basis  substance  ia  thus 
of  neuroglial  nature.  Numerous  nerve-fibres  pass  through  it  from 
the  posterior  roots,  and  these,  coursing  forwards,  seem  to  divide 
it  into  columns,  as  it  is  viewed  in  transverse  section.  A  few  small 
ganglion-cells  lie  in  this  gelatinous  substance,  chiefly  on  the  inner 
side;  it  also  contains  many  minute  cells,  some  of  which  are 
nerve-cells,  while  others  belong  to  the  neuroglial  tissue.  From 
the  nerve-cells  axons  have  been  traced  into  the  posterior  column  and 
horn,  the  posterior  root-zone  and  the  lateral  column.^  Bundles  of 
vertical  fibres  are  also  seen  in  transverse  section,  and  these  are  often 
numerous  just  above  the  caput,  especially  on  the  inner  side  of  the 
horn.  Most  of  these  are  fibres  of  the  posterior  nerve-roots  that 
have  a  vertical  course  for  a  short  distance.  In  Fig.  80  the  axis- 
cylinders  of  these  fibres  are  seen  to  be  changing  from  the  horizontal 
to  the  vertical  direction,  and  their  relation  to  the  posterior  root- 
fibres  can  be  distinctly  traced.    The  hinder  part  of  the  gelatinous 

f  It  Is  generally  believed  that  their  branching  prooenet  enter  into  the  plexni  of 
fibrilla  in  the  grey  mMtter,  nnd  thu«  bring  thete  cells  Into  relation  with  thoAC  of  the 
anterior  oornua,  and  also  with  fibres  that  cross  by  the  posterior  oommlssnre  and 
form  the  ascending  sensory  path  to  the  brain. 

t  Cf.  Corning, « Arch.  f.  mikros.  Anat.,'  xxxi,  1888. 

X  Starr, '  AtUs  of  Nerve-cells,'  p.  28 ;  Leuhossek* '  Der  f^nere  Ban  dea  Kenren* 
systems,'  pp.  120  et  teq. 
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fabstanoe  is  less  dense  in  structure  than  the  rest^  and  is  sometimes 
distinguished  from  it  as  the  *'  spongy  zone."*  The  gelatinous  sub- 
stance contains  manj  vessels,  running  for  the  most  part  yertically. 

White  Substance. — We  maj  now  examine,  in  greater  detail,  the  con- 
stitution of  the  white  columns  of  the  cord,  and  the  probable  course  and 
function  of  the  fibres  thej  contain.  Their  analysis  has  been  greatly 
aided  by  three  facts,-— continuity  of  degeneration,  difference  in  time  of 
derelopment,  and  the  yariation  in  the  size  of  the  fibres  of  the  different 
tracts.  1.  It  was  discoTcred  by  Tnrck  that  in  certain  tracts  in  the 
white  substance  the  nerve-fibres  imdergo  secondaxy  degeneration  when 
separated  from  their  cells  of  origin,  a  degeneration  analogous  to  that 
which,  as  we  have  already  seen,  occurs  in  the  nerve-fibres  outside  the 
cord.  This  mode  of  investigation  has  of  late  acquired  a  fresh 
impetus  from  the  new  means  of  staining  degenerated  nerve-fibres 
deviBed  by  MarchL  2.  In  the  developing  cord  the  fibres  of  different 
tracts  acquire  their  white  substance  at  different  periods,  and  the  study 
of  these  differences  (first  by  Flechsig  and  later  by  Bechterew  and 
others)  has  not  only  confirmed,  but  also  extended,  the  differential 
indicationB  afforded  by  disease.  It  enables  us  to  make  a  distinction 
between  fibres  that  do  not  degenerate  separately,  or  not  through  a 
sufficiently  long  tiact  to  enable  us  to  distinguish  them.  The  groups 
into  which  this  method  enables  us  to  divide  the  fibres,  and  the  order 
in  which  the  medullation  takes  place,  are  as  follows : 

(1)  Anterior  and  posterior  root-fibres. 

(2)  *\  /-  inner  anterior  column. 

(3)  >  Choimd-fibres  of  the  <  postero-extemaJ  column. 

(4)  )  (  outer  anterior  and  lateral  column. 

(5)  Lateral  limiting  layer  and  antero-lateral  ascending  tract 

(6)  Postero-median  column. 

(7)  Direct  cerebellar  tract. 

(8)  Lateral  and  anterior  pyramidal  tracts  (which  in  man  are  first 
meduUated  at  the  time  of  bbih).t  It  may  be  stated  as  a  general 
role  that  the  shorter  the  course  of  a  tract  within  the  central  nervous 
system,  the  earlier  do  its  fibres  acquire  their  medullary  sheaths. 

8.  The  size  of  the  nerve-fibres  varies  in  different  tracts,  but  the 
fall  significance  of  the  variations  has  still  to  be  ascertained.  Even  in 
the  same  tract  of  the  cord  considerable  variations  are  met  with,  which 
probably  correspond  with  differences  in  function.  When  a  tract  dege- 
nerates, it  is  common  for  the  degeneration  to  be  incomplete ;  fibres 
remain  intact  among  those  that  perish:  this  indicates  a  difference  in 
function,  and  with  it  the  difference  in  size  usually  coincides.  It  is  also 
possible  that  some  of  the  small  fibres  seen  among  larger  ones  may  be 
due  to  the  division  of  the  latter  (Sherrington) ;  but  such  division 

*  8o  tbst  in  loine  descriptioiii  the  poiterior  horn  b  divided  into  (1)  spongy  sub- 
stunre  of  the  horn  itself,  (2)  gelatinoos  lone  of  the  **  caput,**  and  (3;  Mpoiigy  zone 
at  the  tiji  of  ths  horn.    See  LiManer, '  Aroh.  f.  Pijoh.»'  1880. 

t  Set  Obersteiner,  loo.  cit.,  p.  19^ 
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has  not  been  aotnailj  demonstrated,  and  is  -prohMj  not  freqnenl 
The  Tariation  in  size  is  from  1  to  25  ^  (rrirnr  ^  T^znr  uieh)-  Ths 
Tariations  are  especiallj  great  in  the  fibres  of  the  pyTamidal  tiaot^ 
and  it  is  in  these  that  division  has  been  thought  to  ooenr.  Those  of 
the  direct  oerebellar  traot  are  nnifonnly  large,  while  most  of  thoss 
that  constitute  the  postero-median  oolnmn  are  smalL 

It  wiU  fooilitate  the  detailed  study  of  the  tracts  if  ire  consider 
first  those  that  undergo  secondary  degeneration  for  a  consideraUe 
distance,  as  our  knowledge  regarding  these  is  the  most  complete. 


SlS^ 


h.4 


Fxe.  71. — Diafn^m  of  the  elements  of  tbo  white  tahetaBce  at  Tarions  levelt 
of  the  spinal  cord.  (Modified  from  Flechsig.)  The  pyramidal  tracts  an 
shaded  by  short  horisontal  lines ;  the  direct  oerebellar  tract  1^  dots;  the 
posterior  median  column  by  dots,  ae  it  degenerates  in  disease  of  the  lowest 
part  of  the  cord  or  of  the  nerves  of  the  eanda  equina  |  the  small  circles 
in  the  forepart  of  this  column  indicate  the  area  which  degenerates  in 
disease  of  the  cerrical  enlargement.  The  antero-lateral  ascending  InMst 
Is  sliowB  by  erossts.  The  anterior  groond-Sbres,  lateral  linfUng  layer* 
and  ^)08tero-extanuil  ooIobb  ans  left  whita.  Fiff.  66  sboald  ba  oompaiad 
with  this. 
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TbfBtB  dtfgmemtiont  ftre  both  asoending  and  descending.  Onlj  one 
important  set  of  fibres  degenerates  downwards  through  a  considerable 
extent — ^those  that  oontinne  through  the  cord  the  anterior  pyramids 
of  the  mednlla.  Thej  commence  still  higher,  in  the  motor  region  of 
the  cortex  of  the  cerebral  hemisphere,  passing  thence  by  the  "  internal 
capsule  '*  between  the  two  parts  of  &e  corpus  striatum,  Ac,  to  the 
cms  and  pons;  thej  are  the  chief,  perhaps  the  sole  conductors  of 
Tofamtary  impulses.  They  are  termed  the  pyramidal  traets  because 
they  constitute  the  anterior  pyramids  of  the  medulla.  They  are  shaded 
by  short  horizontal  lines  in  Eig  71 ;  compare  also  Fig.  65. 

At  the  decussation  of  the  pyramids  about  three  quarters  of  the 
fibres  usually  cross  to  the  other  side.  These  pass  down  the  cord  in 
the  lateral  column,  and  constitute  the  hxUral  (or  crossed)  pyramidal 
tract.  Those  whidi  do  not  decussate,  pass  down  their  own  side  of  the 
cord,  in  the  inner  part  of  the  anterior  column,  at  the  side  of  the 
anterior  median  fissure,  and  constitute  the  anterior  (or  direct)  pyro- 
midal  tract.  Flechsig  has  found  that  the  decussation  is  subject  to 
many  Tariations.  In  the  majority  of  cases  the  decussating  fibres  are 
between  70  and  80  per  cent,  of  the  whole.  Sometimes  they  con- 
stitute a  stin  larger  proportion,  and  in  one  caitiB  (of  60  examined)  all 
the  fibres  crossed.  Sometimes  fewer  fibres  decussate,  only  one  half 
or  even  less  than  half ;  in  one  case  35  per  cent.,  in  another  only  10. 
No  case  has  yet  been  met  with  in  which  no  fibres  crossed.*  A  con- 
ndersble  number  of  fibres  decussate  above  the  medulla,  terminating 
around  the  cells  which  give  origin  to  the  motor  cranial  nerves. 

The  lateral  pyramidal  tract  occupies  the  posterior  half  of  the  lateral 
cohmm,  outside  the  posterior comu.  Itextends  down  totheend  of  the 
cord,  even  when  it  is  originally  small.  Hence  those  fibres  that  do  not 
arose  at  the  medulla  must  do  so  lower  down  in  the  cord.  Through  the 
greater  part  of  the  cervical  and  dorsal  regions  this  lateral  tract  is 
separated  from  the  surface  by  a  narrow  layer  of  fibres,  the  direct  cere- 
hdkur  iraeL  In  the  upper  part  of  the  cervical  region  (third  cervical 
segment)  this  tract  lies  farther  forwards,  so  that  the  pyramidal  tract 
comes  up  to  the  surface  close  to  the  posterior  comu  (Fig.  71,  c.  8) ; 
and  hare,  if  the  tract  is  small,  there  may  be  a  depression  on  the  sur- 
face. In  the  lower  part  of  the  dorsal  cord  there  is  a  similar  move- 
ment forwards  of  the  cerebellar  tract,  so  that  the  pyramidal  tract 
again  comes  in  contact  with  the  surface  posteriorly  (Fig.  71,  n.  12), 
and,  as  the  cerebellar  tract  ceases  at  the  first  lumbar  nerve,  the  pyra- 
midal tract  extends  up  to  the  surface  throughout  the  lumbar  enlarge- 
ment (Fig.  71,  L.  4).  The  inner  sideof  the  tract  is  in  contact  with  tiie 
hinder  part  of  the  posterior  comu,  near  the  surface,  throughout  the 

•  In  the  'Near.  Cent^'  1808,  p.  202,  Dr.  PhUip  Zenn«r  demsribet  a  oMe  of 
toinoar  of  the  left  side  of  the  brain  Id  which  ibe  pAralysis  wae  on  the  left  tide  of 
the  body.  The  poet-moriem  examination  showed  ih»t  tiiere  was  **  absence  of  tlie 
pjramidiil  deeassation.*  It  la  not  stated  whether  Marchi's  method  was  used  in  the 
eaiiiiittation« 
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entire  length  of  the  cord,  but  further  forwards  it  is  separated  from  the 
neck  of  the  comu  and  intermediate  grey  substance  bj  a  layer  of  nenre- 
fibres,  termed  by  Plechsig  the  lateral  limiting  layer  (l.  l.  l.,  Fig.  65). 
Among  the  fibres  of  the  pyramidal  tract,  in  the  dorsal  and  cervical 
regions,  degeneration  reveals  a  few  other  fibres  that  belong  chiefly 
to  the  cerebellar  tract.  The  lateral  pyramidal  tract  diminishes  in 
size  from  above  downwards  as  its  fibres  end  by  entering  the  grey 
matter ;  those  that  extend  lowest  (for  the  leg)  occupy  the  posterior 
part  of  the  tract  in  the  cervical  region.  The  fibres  curve  inwards 
along  the  septa  that  extend  from  tJie  grey  matter  into  the  lateral 
column,  and  they  enter  the  grey  matter  between  the  anterior  and 
posterior  cornua.  They  pass  inwards  and  forwards  in  the  anterior 
comu,  and  are  then  lost  in  the  complicated  structure  of  the  grey 
matter.  Their  probable  termination  will  be  considered  presently. 
The  anterior  or  direct  pyramidal  tract  (called  also  the  "  column  of 

Tiirck  ")  descends  the  cord  in  the  inner 
part  of  the  anterior  column,  adjacent 
to  the  anterior  median  fissure.  Its 
exact  form  and  size  vary :  usually  it 
boimds  the  fissure  on  each  side ;  some- 
times it  forms  only  a  small  tract  at 
the  posterior  part  of  the  fissure ;  when 
large,  it  not  only  reaches  forward  to 
the  front  of  the  cord,  but  may  cause  a 
prominence  on  the  surface  bounded  by 
a  distinct  sulcus.  Its  extent  down  the 
cord  probably  varies  according  to  its 
size.  It  steadily  lessens  in  area,  and, 
if  originally  small,  may  not  extend 
beyond  the  middle  of  the  cervical  en- 
Fio.  72  —Ascending^  and  defcend-  largement ;  if  originallv  large,  it  may 
ing  degenerations  from  myeliti.  ^^  traced  as  far  as  the  lumbar  enlarge- 
of  the  mid-dorsal    region ;    the  ,  •  i.  j  t. 

upper  section  is  from  the  lower  ment  and  even  mto  the  cord  at  the 
cerrical,  and  shows  the  ascending  level  of  the  fourth  pair  of  sacral  nerve- 

foTZt^l^trSl^t^ii:  -«*«•  (^'«-  ^2)5  when  bearing  the 
cotomissnre.    The  other  6gare  is  UBuaJ  proportion  to  the  lateral  tract, 

from  the  lower  dorsal,  and  shows  it  ceases  about  the  mid-dorsal  region, 
degeneration    of    the   pyramidal  7^ 

tracts,  anterior  and  lateral  Most  of  the  fibres  pass  through  the 

anterior  commissure  to  the  opposite 
side,  either  entering  at  once  the  grey  matter,  or  passing  first  to  the 
lateral  tract.f  The  latter  is  probably  the  course  of  most  of  the  fibres 
when  the  pyramidal  decussation  is  small.  Whether  any  fibres  end 
in  the  grey  matter  on  the  same  side  of  the  cord  we  do  not  know. 
Disease  of  the  brain  destroying  the  motor  cortex,  or  the  fibres  which 

*  D^erine  and  Thomas,  '  Compt.  Rend./  1896,  p.  157.  Basseli  traces  it  to  the 
6tli  segment. 

t  Although  this  is  probable  there  is  no  definite  evidence  of  it  except  in  the  saeral 
region  (Busscll, '  Brain/  1898). 
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descend  from  it  to  the  pyramidB,  oanaes  descending  degeneration. 
XLBuallj  limited  (at  least  in  conspica- 
ons  degree)  to  the  related  pyra- 
midal tracts, — anterior  on  the  same 
side,  lateral  on  the  opposite  side 
(Fig.  73) .  But  in  many  cases  slight 
degeneration  has  been  also  found 
in  the  lateral  tract  on  the  same  side, 
extending  into  the  lumbar  region. 
Hence  it  is  probable  that  some 
fibres  of  each  anterior  pyramid 
find  their  way  to  the  lateral  tract  on 
the  same  side,  and  descend  to  the 
corresponding  limbs,  especially  to 
the  leg.  This  degeneration  of  the 
lateral  tract  on  the  same  side  as 
the  lesion  is  sometimes  very  marked 
just  below  the  decussation  of  the 
pyramids,  and  is  therefore  not  due 
to  any  lower  re-decussation  in  the 
cord.*  MuratofE  has  shown,  by 
extirpation  of  the  cortical  areas  for 
the  extremities,  that  a  bundle  from 
the  bulbar  pyramid  descends  into 
the  lateral  pyramidal  tract  of  the 
same  side.  This  has  been  con- 
firmed by  Bothmann  and  also  by 
Menus  and  by  Sherrington,  who  for- 
merly held  a  different  View.f  That 
there  is  such  a  physiological  relation 
is  clearly  indicated  by  dinical  facts. 
We  shall  afterwards  see  that  there 
is  abundant  eridence  that  each 
hemisphere  of  the  brain  is  oon« 
nected  with  both  legs,  although 
chiefly  with  that  of  the  opposite 
side.  There  is  also  a  similar  and 
eren  more  equal  connection  with  the 
trunk  muscles,  and  a  slighter  con- 
nection with  certain  muscles  of  the 
Such  muscles  invariably  re- 


Fie.  78. — Descending  degeneration  of 
the  pmmidal  tracts  in  a  oaee  of 
bemiplegia  from  disease  of  the  right 
eerebral  hemisphere.  (Frooi  mc- 
tions  prepared  by  Dr.  Hott.) 


arm. 

gain  some  power  on  the  paralysed 

side,  eyen  with  a  complete  inter- 

*  PStree,  *Areh.  de  Physiologies*  1874;  Hadden  and  Sherrington,  *  Brain,'  Jan., 
1886.  An  ninstration  of  this  bilateral  degeneration  will  be  fonnd  in  the  seetloD  on 
Diseases  of  the  Brain,  Vol.  II. 

t  Mnratofl;  •  Nenr.  CentralblV  1808 1  Hdlna» «  Proc.  Boyal  Soolety/ 1884|  8h«r. 


212  SPINAL  COKD. 

rnption  to  the  motor  path,  and  thej  are  wealr^ed  on  the  nnparalTeed 
side.  The  subject  is  considered  further  in  Vol.  II.  On  the  whole, 
the  flEu^ts  hitherto  ascertained  suggest  tiiat  the  arrangements  wUdi 
subserve  this  relation  vary  in  different  persons,  just  as  does  the 
chief  decussation  of  the  pyramids.  The  fibres  probably  in  some 
cases  continue  downwards  on  the  same  side  until  they  reach  the  level 
of  grey  matter  for  which  they  are  destined.*  In  otW  cases  most  or 
many  of  them  cross  at  the  bulbar  decussation  Lastly,  there  »  the 
possibility  that  a  connection  between  the  motor  cells  or  structures  of 
the  two  sides  may  supplement  the  decussation.f 

How  do  the  fibres  of  the  pyramidal  tract  end  ?  They  seem  all  to 
pass  into  the  intermediate  grey-matter,  and  forwards  into  the  anterior 
comu,  among  the  motor  nerve-cells.  There  they  are  lost  in  the 
plexus  of  the  spongy  substance.  There  is  strong  indirect  evidence 
that  they  divide  and  subdivide,  and  that  their  ramifications  come 
into  relation  with  the  plexus  of  nerve-fibrillffi  constituted  by  the 
dividing  processes  of  the  ganglion-ceUs.  The  evidence  of  this  is 
twofold.  As  far  as  is  at  present  known,  only  one  process  of  a 
ganglion-cell  becomes  an  axon;  the  others  divide.  The  axon  passes 
into  an  anterior  root;  it  can  be  seen  to  do  so  in  the  case  of  some 
ganglion-cells  (Yig.  68),  and,  as  we  have  seen,  the  number  of  ganglion- 
cells  and  anterior  root-fibres  is  nearly  the  same  in  the  frog,  and 
therefore,  presumably,  in  man  also.  Since  some  root-fibres  are  not 
motor,  the  number  of  motor  cells  may  safely  be  assumed  to  be  at 
least  not  smaller  than  that  of  the  motor  fibres;  thus  each  fibre  will 
have  at  least  one  cell  related  to  it.  If  so,  since  the  pyramidal  fibres 
are  certainly  connected  with  the  ganglion-cells,  the  connection 
can  only  be  by  the  dendrons  or  ramifying  processes  of  the  cells^ 
and  this  involves  a  division  of  the  nerve-fibre.  The  dividing  fibre 
isolated  by  Qerlach,  and  shown  in  Fig.'  69,  may  have  been  a  branch 
of  a  pyramidal  fibre.  The  second  point  in  evidence  of  division  is 
the  fact  that  the  nerve-cells  and  root-fibres  must  be  many  times 
more  numerous  than  the  fibres  of  the  pyramidal  tract.|  But  all 
(or  at  least  most)  of  the  motor  root-fibres  may  be  stimulated  through 
the  pyramidal  fibres,  and  therefore  each  of  the  latter  must  be  con- 
nected vrith  several  ganglion-cells.  Physiological  considerations  sug- 
gest the  same  conclusion,  which  is  fully  confirmed  by  the  new  histo- 

rington,  *  Lancet,'  1894^  rol.  i ;  Rothmanii,  *  Near.  Ceotralbl.,'  1896 ;  Bedlich,  ibid, 
1897.  Their  renults,  obtained  by  the  method  of  degeneration,  have  been  further 
home  oat  by  the  ingenioos  •zperimenti  of  Wertbeimer  and  Liepage  ('Areh.  de 
Physiol.,'  1897). 

*  Dcjerina  and  Thomas  have  traeed  homolateral  flbrea  aa  low  aa  tlie  4tli  aacnd 
root  ('  Compt.  Rend.,'  loc.  cit.),  Russell  to  6th  root  ('  BrHin,'  loc.  cit.). 

t  Broadbent,  Hadden.  In  a  aniluteral  lesion  of  the  cord  the  paralysed  foot  may 
move  with  the  other.  Such  a  cosiiection  of  nuclei  was  origiualfy  suggested  by 
Broadbeat  to  explain  the  association  of  bilateral  morements. 

X  The  total  area  of  the  anterior  roots  of  the  cord  is  probably  «t  least  firm  timet 
as  greSt  as  tliat  of  the  pyramidal  tiMta  in  the  upper  oenriatl  region. 
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logical  methodB  to  which  reference  has  already  been  made.* 
curious  fact  that  the  degeneration  method  of 
Marchi  does  not  rereal  this  wholesale  passage  of 
the  pyramidal  fibres  into  the  anterior  comua. 
This  is  probably  due  to  their  passing  in  in  the 
form  of  non-medullated  collaterals. 

Let  us  now  consider,  for  a  moment,  the  whole 
motor  path,  from  the  cortex  of  the  brain  to  the 
muscles.  We  may  regard  it  as  composed  of  two 
neurons,  an  upper  and  lower  (Fig.  74).  Each 
consists  of  a  ganglion-cell  above,  an  axon,  and  the 
terminal  ramification  of  the  latter.  The  upper, 
"  cerebro-spinal "  neuron  consists  of  the  coi-tical 
ganglion-cell  with  its  dendrons,  and  the  "  pyra- 
midal "  axon  which  proceeds  from  the  cell,  passes 
through  the  brain  and  cord,  and  ends  in  the 
grey  substance  by  diyision  and  terminal  inter- 
lacement with  several  nerve-cells.  The  lower, 
"spino-muscular"  neuron  consists  of  the  spinal 
motor  cell  with  its  dendrons  and  the  axon  pro- 
ceeding from  itk  which  passes  through  the  an- 
terior root  and  nerve-trunk  to  the  muscle,  where 
it  divides  and  ramifies  on  the  muscular  fibre. 
The  elements  of  the  two  neurons  do  not  corre- 
spond in  number,  since,  as  we  have  just  seen, 
each  oerebro-spinal  element  is  connected  with 
many  spino-muscular  elements.  So,  too,  each 
motor  axon  is  connected  with  a  considerable  area 

•  Omd  and  FtaUu  ('  Neurol.  Centralbl.,'  1897,  p.  481) 
bnTe  endeavoure«l  to  mark  oat  tlie  localisation  within  the 
motor  tracti  of  the  fibres  for  diflcTeiit  parts  of  the  body. 
Their  method  consisted  in  cntting  across  the  cords  of  dogs 
Mid  immediately  itpplyiog  to  different  parts  of  the  cross* 
section  of  the  lower  segment  stimuli  of  varying  strength 
snd  dnration.  They  found  that  in  geuer.tl  the  fibres  nearest 
to  the  anterior  grey  nutter  supplied  the  body  at  or  ne&r 
the  level  of  the  section,  while  those  for  other  regions  ran 
more  poateriorly  and  superficiully.  This  is,  however,  only 
what  would  follow  from  the  fact  that  the  axons  of  the 
upper  neuron  (v.  miA«)  terminate  by  interlacing  with  the 
dendrons  of  the  gangiion-cells  in  the  anterior  cornua,  from 
which  the  lower  axons  to  the  region  supplied  by  the 
segment  Nrise. 


1  made.*    It  is  a 


FiS.  74b — Diagram  of  an  element  of  the  motor  path.  Show* 
Ingenrtica)  cell,  pyramidHl  fibre,  anterior  horn  cell,  nerve- 
fllne,  and  mascle.  More  than  one  anterior  horn  cell 
should,  strictly  si>eaking,  be  shown  coming  into  relation 
with  the  tfrroinal  ramifications  of  one  pyramidal  fibre.  To  show  this,  however^ 
would  have  needlessly  complicated  the  diagram. 
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WlQ»  76.  —  Degeiitfration  of  th« 
•ntaro-kitanl  Moendiog  tract  in 
a  caM  of  looomotor  aUzy  (q.  t. 
figure),  ihowing  ito  potition  in 
tbo  npper  oenricftl  region,  where 
the  direot  cerebellar  traot  paaiee 
onfeside  it  into  the  restif orm  bo^fW 


Da 


Ob 


Dc 


La 


Pig.  76. — Aeoending  de^ene* 
ration  in  the  posteromedian 
oolomD  nnd  antero*lMteral 
ascending  tract.  The  curd 
was  crushed  at  the  firat  lum- 
bar segroent. 


Lt 


Fke.  77.  —  Degeneration  after 
injury  to  tlie  cauda  eqnina. 
C  a,  b,  c»  upper  middle  and 
lower  cervical ;  D  a,  upper ; 
b,  c,  lower  dorsal;  L  a, 
npper;  and  L  b,  middle  lum* 
bar  region.  (After  SclinltEC.) 


of  excitable  muscle- tissue.    It  will  be  found  that  this  conception  of  tbe 
motor  path  conduces  to  clearer  ideas  of  many  facts  of  disease,  and  it  ifl 
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important  to  grasp  it  firmly.  We  shall  see,  for  instance,  that  diseases 
inTolTing  any  part  of  a  neuron  produce  similar  effects,  however  diverse 
their  nature;  while  there  is  a  fundamental  difference  between  the 
effects  of  disease  of  the  two  neurons.* 

Fibres  that  degenerate  downwards  through  the  greater  part  of  the 
cord  are  also  scattered  through  the  antero-lateral  column,  in  a  zone 
Uiat  extends  beneath  the  surface  between  the  direct  pjramidal  tract 
and  the  direct  cerebellar  tract.  Some  are  mingled  with  the  fibres 
of  the  ascending  antero-lateral  tract  presently  to  be  described ;  others 
lie  beneath  this.  It  is  possible  that  they  really  belong  to  the  crossed 
pyramidal  tract.  They  have  been  termed  by  Foster  the  descending 
anierth-lateraZ  irad,f 

Bechterew  has  pointed  out  that  the  crossed  pyramidal  tracts  as 
mapped  out  by  the  degeneration  and  embryological  methods  do  not 
correspond.  In  other  words,  the  area  of  non-myelinated  nerve-fibres 
found  at  birth  is  much  greater  than  that  degenerating  as  the  result 
of  section  of  the  pyramidal  tract  high  up.  Boyce  and  Sakowitsch 
have  shown  independently  that  the  axons  of  the  remaining  area — 
which  is  situated  at  the  anterior  end  of  the  crossed  pyramidal  tract 
—descend  from  the  posterior  corpora  quadrigemina.^ 

Fibres  degenerate  upwards  in  both  the  lateral  and  the  posterior 
eolumns.    We  may  consider  the  latter  first. 

Each  posterior  column,  as  we  have  seen,  is  divided  by  the  imperfect 
"  intermediate  septum  "  into  two  parts, — ^a  narrow  "  postero-median 
column,"  and  a  wider  " postero-extemal  column"  (Fig.  65).  In  the 
lumbar  and  sacral  regions  it  is  not  possible  to  separate  the  postero- 
external from  the  postero-median  column,  as  can  be  done  in  the  dorsal 
and  cervical  regions.  The  differentiation  is  not  completed  below  the 
level  of  the  eleventh  dorsal  segment.    Secondary  degeneration  con- 

*  This  oonoeption  of  the  motor  path  was  published  in  its  present  form  (except, 
of  eonrse,  that  the  nenronic  Domenclatnre  had  not  then  been  introduced)  in  the  first 
edition  of  this  hook  in  August^  1886.  By  a  curious  coincidence  nearly  the  same  idea 
waa  stated  (no  doubt  independently),  and  even  the  same  terminology  employed,  by 
Dr.  V.  Bens  in  the  « (^ntralblatt  f.  Kerrenkr./  October  15th,  1886. 

t  Foster,  <  Physiology/  1890,  p.  878.  See  also  Hadden  and  Sherrington,  *  Brain/ 
▼oL  viiii  and  Tooth,  *  Secondary  Degeneration  of  the  Spinal  Cord,'  1889.  Luciani 
and  Marehi  state  that  this  tract  is  mainly  composed  of  axons  descending  from  the 
eerebcllam,  a  Tiew  which  is  upheld  by  Biedl  (*  Neurol.  Centralbl.,'  1895).  Bussell 
denies  this,  and  states  that  these  axons  are  derived  mainly  from  Deitei^s  nucleus 
in  the  medulla,  a  view  with  which  Mott  agrees.  Held  has  shown  that  fibres  derived 
from  the  red  nnelaus  pass  into  the  lateral  column  of  the  cord  (' Archiv  f.  A  nut. 
u.  Physiol.,'  1892). 

t  See  Bechterew,  'Neurol.  Centralbl.,'  1897,  No.  23,  where  a  tract  in  the  anterior 
ground  bundle  descending  from  the  anterior  corpora  quadrigemina  is  also  de- 
scribed. The  term  "retrograde  degeneration"  has  been  applied  by  Sottas  and 
others  to  an  ascending  change  which  occurs  in  certain  cases  in  the  pyramidal  tracts. 
Tbis  degeneration  is  slow  in  developing,  and  undergoes  gradual  diminution  in 
intensity  and  extent  as  it  ascends.  A  similHr  condition  has  been  found  in  the 
posterior  oolnmns  after  cerebral  lesions  (Durante,  *Rev.  neurologique/  J 898),  and  in 
tlte  direct  cerebellar  tract  after  a  cerebellar  lesion  (Campbell, '  Bniin/  1897). 
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firma  thu  distincidon.  If  the  posterior  oohmmfl  axe  interrupted 
anywhere  in  their  oourae,  asoending  degeneration  retnlta;  and  this, 
a  short  distance  aboTe  the  lesion,  is  confined  to  the  posterior  median 
column  (Figs.  72,  76,  77),  in  which  the  degeneration  oontmues 
upwards  to  the  medulla  oblongata,  and  ends  there  at  the  grey 
matter  of  the  "nudeus  gracilis."  The  fibres  of  these  median 
columns  degenerate  in  the  same  way  when  the  lesion  is  not  in 
the  cord,  but  in  the  posterior  nerre-roots  (as  of  the  cauda  equina, 
Fig.  77).  Hence  it  is  clear  that  these  fibres  are  continued  upwards 
from  the  posterior  nerre-roots  without  interruption.    The  contrast 


Fia.  78. 


ViG.79. 


Fie.  78. — DegeueratioDs  after  a  ledon  of  the  oord  in  the  lower  part  of  the  oerfical 
rt'i^ion.  A,  highesticervical ;  B,  middle  cervical  H  cm.  above  lesion.  Degt  nermtion 
of  the  posterior  median  columns,  apreading  slightly  in  a  and  widely  in  b  into  the 
))Ost.  ezt.  col.  The  nature  of  the  circumferential  degeneration  is  uncertain ;  it 
ia  probably  a  partial  ascending  degeneration  set  up  by  peripheral  myelitia. 

q,  upper  dorsal  2  cm.  below  lesion.  Degeneration  of  the  lateral  pyramidal  traota : 
"comma-shaped"  degeneration  in  front  of  the  post.  ext.  col.;  slight  degenera- 
tion of  tlie  anterior  );ronnd-flbres.     (Scliultze.) 

FlO.  79. — Ascending  degeneration  Hfter  injury  to  the  lowest  part  of  the  apinsl 
cord  and  sciatic  nerve-roota  arising  from  it.  ▲,  o^nrical ;  B,  lower  donal ;  C,  junction 
of  dorsal  and  lumbar  regions ;  J>,  middle  of  lumbar  enlargement.    (After  Schultze.) 

between  these  degenemted  columns  and  the  undegenerated  external 
columns  through  the  greater  part  of  the  cord  above  the  lesion  (Fig.  76) 
is  very  striking.  But  just  above  the  lesion  tlie  degeneration  is  not 
confined  to  the  median  columns ;  it  spreads  out  into  the  external 
columns,  especially  towards  the  hinder  surface,  and  the  more  exten- 
sively the  nearer  to  the  lesion,  until  close  above  this  the  degenerated 
fibres  occupy  the  whole  extent  of  the  posterior  column,  except  a  small 
area  close  to  the  posterior  comu.    This  is  due  to  the  fact  that  the 
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fifaros  pan  to  the  xnedkn  oolnnui  through  the  hinder  part  oi  the 
external  column.  It  is  the  same  whatever  is  the  seat  of  the  leeionp 
whether  it  is  in  the  oendcal  (Fig.  78),  dorsal,  or  lumbar  (Fig.  79) 
ports  of  the  cord ;  and  if  it  is  in  the  cauda  equina,  the  degeneration 
i^reada  out  in  the  same  waj  in  the  lumbar  enlargement  (Fig.  77). 
This  shows  clearly  that  all  the  waj  up  the  cord  fibres  pass  to  the 
median  column  from  the  external  column,  and  that  these  aie  uncrossed 
fibres  from  the  posterior  roots.*  As  the  fibres  ascend  the  cord  in  the 
median  column,  they  come  to  lie  posteriorly  ia  proportion  as  their 
source  is  lower.  Those  from  the  sciatic  nerves,  for  instance,  in  the 
lower  cervical  cord  only  occupy  the  x>osterior  half  of  the  columns 
(Fig.  79).  Those  from  the  whole  lumbar  enlargement^  or  whole 
Cauda  equina  (Fig.  76),  reach  forward  to  the  commissure  in  the  lower 
cervical  region,  ipreading  out  a  little  near  the  commissure,  where, 
however,  the  degeneration  is  much  less  dense  than  it  is  behmd 
Above  the  middle  of  the  cervical  enlargement  the  degeneration  from  a 
lesion  in  the  dorsal  or  lumbar  regions  does  not  extend  forwards 
beyond  the  junction  of  the  anterior  and  middle  third  of  these 
cohunns ;  but  if  the  lesion  is  in  the  cervicai  region  the  deg^ieration 
extends  up  to  the  commissure,  even  at  the  level  of  the  second  cervical 
segment  (Fig.  78,  ▲),  showing  that  the  fibres  from  the  cervical  roots 
occupy  the  anterior  portion  of  these  columns.  It  is  now  known 
that  most  if  not  all  root-fibres  divide  on  entering  the  posterior 
columns  into  ascending  and  descending  branches  With  the  course 
of  the  former  we  have  just  been  occupied ;  the  latter  run  but  a  short 
way  down  in  the  cord  and  terminate  by  turning  into  the  posterior 
comu  and  inosculating  with  the  cell-dendrites  there  found. 

It  is  important  to  remember  that  the  root-fibres  that  pass  to  the 
median  column  through  the  external  column  do  not  decussate.  This 
is  not,  however,  the  only  source  of  fibres  to  the  median  column. 
Fibres  pass  to  it  (1)  from  the  neck  of  the  posterior  horn,  across  the 
anterior  part  of  the  external  column,  curving  backwards  (Fig.  80,  x)  ; 
many  of  them  extend  almost  to  the  postero-median  septum.  They 
are  "  endogenous,"  t  0.  they  arise  from  cells  of  the  posterior  comua. 
In  the  posterior  columns  they  bifurcate  into  ascending  and  descending 
portions,  the  former  of  which  may  in  certain  parts  of  the  cord  form 
short  but  definite  tracts,  such  as  the  "comma'*  tract  of  Schultzef  and 
that  in  the  lumbo-sacral  region  referred  to  below.  These  descending 
fibres  terminate  in  all  probability  by  again  turning  into  the  grey 
matter  of  the  posterior  comua.  (2)  From  the  posterior  commissure  in 
the  middle  line  (Fig.  80).  These  are  very  numerous  and  conspicuous 
in  the  lumbar  enlargement.    They  course  backwards  in  the  septum 

*  Except  in  eaiat  ia  which  the  cervicHl  roots  are  affected  in  which  degeneration 
U  rettrioted  to  ths  pottero-exterual  column  terminating  in  the  cuneate  nucleug. 
Ooinbaalt,  'Bnllf  de  la  Soc  d'Anataroie,'  1891}  Sottas,  « Kev.  de  M^./  1898; 
Dejerine  and  Thom^is,  *Coinpt.  Eend./  1896;  Souquex,  'Compt.  Bend./  1895; 
RutMll, '  Brain/  1896. 

t  'Arch.f.  Pliysiol./ 1888. 
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and  then  pass  outwards  on  each  side  into  the  adjacent  column. 
The7  come  from  the  posterior  and  lateral  columns  of  the  opposite 
side,  decussating  in  the  septum.  Some  arise  from  posterior  root- 
fibres,  others  from  cells  in  the  posterior  comua. 

In  the  lumbo-sacral  region  there  is  a  narrow  tract  of  fibres  close  to 
the  posterior  median  septum,  that  is  apparently  of  different  nature 
from  the  rest  of  the  column.  It  is  lenticular  on  transverse  section, 
and  is  indicated  by  the  clear  area  in  l.  4,  Fig.  71,  and  faintly  in  L  b. 
Fig.  77 ;  it  is  best  seen  from  the  third  lumbar  to  the  second  sacral 
segments.  It  is  distinguished  by  a  difference  in  time  of  development 
(Flechsig),  and  by  freedom  from  the  secondary  d^eneration  that 
involves  the  rest  of  the  column.  It  has  been  observed  to  undergo 
descending  degeneration  in  a  certain  number  of  cases,  and  its  fibres 
appear  to  terminate  in  the  posterior  horn  of  the  same  side.  Their 
origin  is  uncertain,  but  they  are  probably  endogenous  and  not  directly 
connected  with  the  posterior  root.*  A  careful  study  by  Pineles  has 
shown  that  they  fail  to  degenerate  in  tabes,  and  they  also  escape  in  the 
degeneration  associated  with  ansBmia.t  Iliis  tract  is  possibly  identical 
with  Flechsig's  **  oval  field/'  and  is  also  known  as  the  septo-marginal 
tract  (see  p.  220). 


.*■■•    •    :  ■,   ■  ■!■■   .     ■,  •■     .■;■   -   -V:.  .:■:.■-■■  ■/■-.  .,.■ 


FiO.  80.— Posterior  coma  and  colnmn  at  the  Inst  dorsal  tegmeiit.  P.  X.  a,  postero- 
median  colainn ;  P.  B.  0.,  pottero-ezternal  column ;  V.  X.  8.,  posterior  median  sep- 
tum ;  P.  c,  posterior  commissure ;  9,  commissure  vein.  P.  V.  0.,  posterior  resienlar 
column ;  0.  0.,  caput  corim ;  P.  B.,  posterior  rout ;  a,  an  artery  i  dpdfd,  adjacent 
to  n  strip  of  the  lateral  column,  indicate  the  tracts  of  fibres  passing  from  the 
vicinity  and  interior  of  the  posterior  Tesiculnr  column  along  the  septa  of  the 
lateral  column,  to  form  the  direct  cerebellar  tract;  x,  x,  trhcts  of  fibres  passing 
from  the  neck  of  the  horn,  near  the  post,  vesie.  col.,  to  the  post-median  column. 

•  See  Hoche,  'Neurol.  CentralbU'  1896;   Bruce  and  Muir,  •  Brain,'  1896. 
t  For  an  illustration  of  this  tract  see  later,  where  the  degenerationi  associated 
with  an»mia  are  referred  to. 
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It  is  yerj  doabtfol  whether  all  the  fibres  that  enter  the  postero- 
median coltmms  continiie  in  these  to  the  medulla.  Some  certainlj  do, 
but  the  upward  increase  in  size  of  the  columns  seems  to  be  far  too 
small  for  the  accommodation  of  all  the  fibres  that  seem  to  pass  to  them. 
At  the  same  time  we  ha^e,  at  present*  no  indication  of  the  mode  in 
which  fibres  leare  these  columns. 

At  the  medulla  oblongata  this  column  becomes  filled  with  nerve- 
cells,  the  posUpyramidal  fiudeus,  so  called  because  the  highest  por- 
tion of  this  oolumn  has  been  termed  the  pogteriar  ityramid  of  the 
medulla.  It  is  also  called  the  nucleu9  gracxLxB,  The  disooverj  that 
the  fibres  of  this  colunm  are  continuous  with  the  nerve-roots  invests 
the  post-pjramidal  nucleus  with  considerable  importance,  since  its 
nerve-cells  are  the  first  with  which  these  root-fibres  are  related,  and 
secondary  degeneration  hence  stops  here.  The  upward  degeneration  of 
the  med^  fibres  implies  upward  conduction ;  their  probable  function 
will  be  considered  in  the  next  section.  It  is  now  known  that  not  all  of 
them  end  in  the  gracile  nucleus ;  some  enter  into  the  external  arcuate 
fibre-system,  while  others  run  in  the  restif  orm  body  to  the  cerebellum. 

The  postero-extemal  column  {*'  column  of  Burdach,"  containing  the 
•*  posterior  root-zone "  of  Charcot)  consists  chiefly  of  vertical  fibres. 
Many  of  the  posterior  root-fibres  pass  through  it,  horizontally  or 
obliquely  (Fig.  65).  These  either  curve  inwards  to  the  posterior 
horn  (some  first  inclining  upwards),  or  pass  obliquely  upwards  and 
inwards  to  the  median  column  and  constitute  the  fibres  of  this  column 
that  are  continued  from  the  nerve-root.  Across  the  anterior  part 
fibres  also  pass,  as  just  described,  between  the  neck  of  the  posterior 
horn  and  the  median  column.  The  vertical  ground-fibres  of  the 
external  column  have  apparently  only  a  short  course,  since  they 
degenerate  for  only  a  few  centimetres  above  or  below  a  lesion.  The 
longest  descending  degeneration  is  of  a  **  comma-shaped  tract,"  in 
the  middle  of  the  anterior  third  of  the  colunm  in  the  dorsal  region, 
which  may  degenerate  downwards  for  eight  or  ten  segments  *  (Fig.  78). 
These  vertical  fibres,  of  short  course,  may  connect  the  grey  matter  of 
the  posterior  horn  at  different  (but  adjacent)  levels ;  this  is  rendered 
prolukble  by  the  fact  that  they  d^enerate  in  transverse  lesions  of  the 
cord  but  not  in  those  of  the  posterior  roots.t  This  column  is  larger 
in  the  swellings  than  it  is  in  the  dorsal  region,  chiefly  in  consequence 
of  the  larger  number  of  root-fibres  that  pass  through  it.  Above,  it  also 
ends  in  a  grey  nucleus,  the  post  era- external  nucleus  or  cuneaie  nucleus. 

Both  these  posterior  nuclei  are  connected  directly  with  the  cortex 
of  the  opposite  hemisphere,  and  chiefly  with  the  ascending  parietal 
convolution.    Fibres  also  pass  from  them  to  the  cerebellar  hemisphere 

•  Hoclic,  *Arch.  f.  Psych,  n.  Nenrenkrank..'  xxvii. 

t  QoinWaiiU  uiid  Philippe,  <  8em.  MM./  1894.  Thii  !•  only  tnie  of  experimentiil 
division  of  tlie  |io«icrior  roots,  not  of  two  esses  described  by  Dejerine  and  Thomas 
(*Oimpt.  Bond./  1896),  and  Nageotte  (<  He7.  NeuroloKiqae/  1896),  in  which  the 
degeneration  was  fuund  to  extend  down  th«  cord.  See  aliio  Bassell  (*  Brain/ 
Summer,  1898). 


220  SPIKAIi   CORD. 

of  their  own  sidfl^  which  is  connected  with  the  same  region  of  the  opposite 
oerebral  cortex,  probahly  through  the  red  nucleus  and  optic  thalamus.* 
The  two  nuclei  (of  both  sides)  are  also  found  (bj  deyelopmental  re- 
searches) to  send  fibres  through  to  the  inferior  cerebellar  pedunde^f 
and  filoes  pass  from  the  posterior  median  nucdeus  to  the  middle  lobe 
of  the  cerebellum  on  the  same  side^  a  fact  of  considerable  signi- 
ficance. Two  other  tracts  of  endogenous  fibres,  u  e.  Shrea  not  derived 
from  the  roots  but  from  cdls  in  the  grej  matter  of  the  cord  itself, 
have  been  described  in  the  posterior  columns — one  by  Marie,  the 
eomU'CimmiiBurcU  tract,  in  close  relation  to  the  posterior  commissure 
throughout  the  sacral  and  lumbar  regions  of  the  cord;  the  other, 
which  has  been  named  the  Bepto-ma/rginal  tract  (see  p.  218),  is  in 
proximity  to  the  septum  as  high  as  the  eleTcnth  dorsal  segment. 
Some  observations  would  seem  to  indicate  that  it  may  originate  as  high 
as  the  cervical  regionB.§  These  tracts  remain  undegenerated  in  tabes 
dorsalis,  and  in  the  degenerations  associated  with  anemia  (p.  218). 

The  **  direct  or  dorscU  cerebellar  tract "  is  another  series  of  fibres  that 
degenerate  upwards.  It  forms  a  layer  at  the  periphery  of  the  lateral 
column,  outside  the  pyramidal  tract  (Fig.  65),  Imt  does  not  extend 
through  the  whole  length  of  the  cord,  ceasing  below  at  the  level  of  the 
first  lumbar  nerve  (Fig.  71).  The  anterior  part  of  the  tract  (as  seen 
in  section)  does  not  extend  forwards  beyond  the  level  of  the  lateral 
pyramidal  tract»  although  it  was  formerly  thought  to  do  so  because 
there  are  other  fibres  in  front  of  it  that  also  d^enerate  upwards^ 
and  these  were  not  distinguished  from  those  of  the  tract.  But  near 
its  upper  and  lower  extremities,  at  the  level  of  the  second  cerrical 
nerves,  and  also  in  the  lowest  part  of  the  dorsal  region,  the  tract  lies  a 
little  anterior  to  its  position  in  the  rest  of  the  cord,  and  hence  at  these 
places  the  pyramidal  tract  ccmies  to  the  surface  behind  the  cerebellar 
tract,  dose  to  the  posterior  nerve-roots,  up  to  which  elsewhere  the 
cerebellar  tract  extends.  The  tract  increases  somewhat  in  size  from 
below  upwards,  and  hence  receives  fibres  throughout  its  course,  but 
most  of  its  constituent  fibres  enter  it  at  the  level  of  the  lowest  dorsal 
and  first  lumbar  nerves,  i.  e.  at  its  lowest  part.  These  fibres  come 
from  the  grey  substance,  passing  through  the  lateral  column,  along 
the  septa  that  cross  the  pyramidal  tract  from  the  grey  matter.  In  the 
latter  these  fibres  are  conspicuous  objects  at  this  level  (Fig.  80,  d,  d), 
passing  transversely  and  obliquely  from  the  front  of  the  posterior 
vesicular  column.  Into  this  many  of  them  can  be  traced;  others 
change  their  direction  and  become  vertical,  perhaps  passing  into  the 
vesicular  column  at  a  different  level.  It  is  now  known  that  the  fibres 
come  from  this  column ;  the  cerebellar  tract  is  chiefly  formed  at  that 
part  of  the  cord  at  which  the  column  is  most  devdoped,  and  the  cells 

•  See  Plechsig  and  Hosel, '  Nenrol.  Cent,'  1890,  p.  417. 
t  DarkschewiUch  and  Freud,  ib.,  1886,  p.  121. 
I  Becbterew,  *  Wji-tnik  Psych.,  Ac.,*  1886. 
I  A.  Bruce,  *  Brain,'  Autumn,  1897. 
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of  &i8  oohmm  liare  beeo  found  atraphied  when  the  cerebellar  tract  is 
degenerated.*  Moreover  modem  staining  methods  have  demonstrated 
the  origin  of  the  axons  of  the  direct  cerebellar  tract  from  the  cells  <^ 
Clarke's  column.  It  has  also  been  shown  that  axons  pass  to  this 
tract  from  StiUmg^s  sacral  nucleus,  which  is  the  sacral  homologue  of 
Clarke's  column.  Besides  the  fibres  that  are  gathered  into  the  com- 
pact cerebellar  tract,  others,  apparently  belonging  to  it,  ascend  among 
those  of  the  adjacent  pyramidal  tract. 

The  cerebelhur  tract  only  degenerates  when  a  lesion  of  the  cord  is  at, 
or  above,  its  place  of  origin,  the  junction  of  the  dorsal  and  lumbar 
regions  If  the  lesion  is  in  the  lumbar  enlargement,  as  in  the  case 
shown  in  Fig  76,  the  tract  does  not  degenerate. 

At  the  level  of  the  first  cervical  nerve  (where  the  pyramidal  tract 
leaves  the  lateral  column  to  cross  into  the  anterior  pyramid  of  the 
medulla)  the  cerebellar  tract  lies  in  front  of  the  "  grey  substance  of 
Eolando  "  (formed  from  the  caput  comu  posterioris),  and  passes  up,  in 
the  restiform  body,  to  the  cerebellum.  Smce  it  degenerates  upwards 
we  must  conclude  that  it  also  conducts  upwards.f 

We  have  seen  that  the  lateral  pyramidal  tract,  although  in  contact, 
behmd,  with  the  head  of  the  posterior  comu,  does  not  extend  quite 
up  to  the  neck  of  the  horn  or  to  the  intermediate  grey  substance, 
the  two  being  separated  by  a  "  laieral  limiting  layer  "  of  vertical  fibres, 
in  part  broken  up  by  processes  from  the  grey  matter  In  the  upper 
cerrical  cord,  and  also  to  a  less  extent  in  the  dorsal  cord,  this  layer 
extends  forwards  outside  the  anterior  horn,  which,  in  these  parts,  is 
narrow  It  consists  of  fine  fibres  that  seem  to  pass  into  and  out  of 
the  grey  matter,  lliis  course,  and 
the  fact  that  the  tract  does  not  dege- 
nerate through  any  considerable  ex- 
tent, suggest  that  its  fibres  have  but 
a  short  course,  and  connect  the  grey 
matter  of  adjacent  regions. 

There  is  a  small  tract  of  fibres,  all 
of  BmaU  Bize.  at  the  junction  of  the       ''^^^iir^/^rLS::?-  pot 
tip  of  the  poeterior  horn  and  lateral  ined.ool  ftnd  fint.-lBi.  Amending 

column    known    as  Lissauer's  tract.  ti»c^  iecondary  to  a  Imiod  iu 

m.      £v  i!  J.V  -L     •  '1»®   dorsal   region.     (From   a 

The  fibres  come  from  the  posterior  .ection  preparwl  bj  Dr.  Mott.) 

roots ;  they  course  upward  for  a  short 

distance,  forming  the  tract,  and  then  enter  the  posterior  horn. 

•  J£  g.by  Hiukowiki, « Dent.  Arch.  f.  kL  Med.,'  Bd.  zxziv,  p.  438.  Slight  degene- 
ration  of  tkt  pyramidal  tracU  waa  the  only  other  lesion. 

t  In  tha  abeenoe  of  evidence  of  ooutntry  character,  the  direction  in  which  fibres 
eondact  must  be  assun«<l  to  be  that  in  which  they  degenerate.  We  know  of  no 
ezeeptions  to  it  within  the  oentral  nerrous  system.  WhereTer  we  ean  observe  tliu 
relattooa  thii  Uw  obtaina,  ezeept  in  tha  peripheral  sensory  nerres^  in  which  the  con* 
dilioiia  aro  oonspicnoosly  exceptional.  Ueoce  the  probability  is  Ttry  great  that  the 
correspondaooa  obtains  where  we  haTe  not  yet  been  able  to  prove  it ;  and  to  ignoti 
the  probability  becaiiso  il  ia  not  a  certainty  is  scarcely  reasonable,  ulthongh  not 
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The  rest  of  the  lateral  oolunm,  in  front  of  the  pyramidal  and  cere- 
bellar tracts,  consists  of  fibres  that  vaiy  in  size,  course,  and  date  of  de- 
Telopment.  Secondaiy  degeneration,  however,  as  I  pointed  out  some 
years  ago,*  enables  us  to  distinguish  an  important  tract  which  occupies 
an  irregular  area  in  front  of  the  pyramidal  and  cerebellar  tracts,  and 
degenerates  upwards  throughout  the  cord.  It  extends  across  the  lateral 
column,  as  a  band  which  fills  up  the  angle  between  the  pyramidal  and 
cerebellar  tracts,  and  it  reaches  the  surface  of  the  cord  in  front  of  the 
latter  tract,  nearly  on  a  level  with  the  anterior  commissure ;  it  then 
extends  forward  in  the  periphery  of  the  anterior  column,  almost  to  the 
anterior  median  fissure,  and  up  to  the  direct  pyramidal  tract  when  this 
exists.  I  have  termed  it  the  antero-laieral  ascending  tract  (Figs.  65, 
71,  75,  7^,  and  81).  It  has  often  been  confounded  with  the  direct 
cerebellar  tract,  and  hence  the  impression  arose  that  the  latter  extends 
farther  forwards  than  it  really  does.  Posteriorly  the  tract  extends  across 
the  lateral  column  towards  the  posterior  commissure  (Fig.  71,  l.  4). 
In  the  cervical  region  (ib.,  o.  8),  especially  in  the  upper  part,  where 
the  direct  cerebellar  tract  extends  farther  forward,  the  broadest  part 
of  the  ascending  tract  lies  just  within  the  anterior  part  of  the  cere- 
bellar tract,  and  extends,  like  a  wedge,  between  the  latter  and  the 
pyramidal  tract. 

This  tract  has  been  found  by  Bechterew  to  undergo  development  at 
a  different  period  from  the  rest  of  the  lateral  column.  It  apparently 
constitutes  an  upward  path  from  the  opposite  posterior  roots,  since  its 
degeneration,  if  unequal  on  the  two  sides,  is  greater  on  the  side  oppo- 
site to  that  on  which  the  uncrossed  postero-median  column  is  most 
degenerated.  Its  fibres  do  not  degenerate  when  the  nerve-roots  are 
divided,  and  hence  probably  spring  from  cells  in  which  the  root- 
fibres  end.  Fibres  apparently  pass  to  it  through  the  whole  length  of 
the  cord,  and  these  are  mingled  together,  so  that  the  degeneration 
from  a  lesion  of  the  lower  part  of  the  cord  is  not  denscf  The  precise 
form  of  the  tract  seems  subject  to  individual  variations.  Above,  its 
fibreci  probably  end  in  the  cerebellum.:^ 

*  '  OiaguMis  of  Diaeatet  of  the  Spinal  Curd,'  first  ed^  1879. 

t  Other  illaitntionf  of  the  degeneration  of  this  tract  will  be  fonnd  in  the  aeetion 
on  Locomotor  Ataxy.  For  an  example  of  its  defeneration  and  references  to  pre- 
vious observations,  see  Tooth, 'St.  Bartholomew's  Hospitnl  Reports,'  1885,  p.  187. 
See  also  his  *  Lectures  on  Secondary  Degeneration  in  the  Spinal  Cord,'  Lond.,  1890. 

X  Experiments  on  monkeys  show  that  the  antero-lnteral  ascending  tract  as  here 
described  is  distinguishable  as  high  as  the  origin  of  the  fifth  cranial  nerve,  ronnd 
which  it  curves.  It  then  passes  backwards  on  the  under  surface  of  the  superior 
c«ebellar  pedunde  to  reach  the  superior  vermis.  This  portion  is  now  known  as  the 
ventral  cerebellar  tract*  in  con  trad  istiuction  to  the  direct  or  dorsal  cerebellar  pre- 
viously mentioned.  (See  Mott^  '  Monatssobrif t  f.  Psych,  n.  Neurol.,'  i,  p.  104;  and 
van  QKhuchten,  *Anato'mie  du  Syst^me  Nervenx,'  2nd  ed^  p.  764  hU.)  Mott 
('Brain.'  1895)  states  that  the  tract  can  be  distinguished  after  a  lesion  involving 
the  3rd,  4th,  and  6th  lumbar  segments  in  the  monkey.  Russell  (*  Brain/  1898) 
from  pathological  evidence  confirms  this.  External  to  this  anterolateral  ascending 
tract*  at  the  extreme  periphery*  is  a  tract  of  descending  flbren — the  efftremi  er 
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Some  other  fibres  are  also  fotuid  in  the  position  of  the  antero- 
lateral ascending  tract,  constituting  the  "crossed  afiEerent  tract"  of 
Edinger.  They  probably  enter  from  the  posterior  root  and  come  into 
connection  with  cells  which  give  off  axis-cylinder  processes  decussating 
in  the  anterior  commissure.  They  pass  up  near  the  fillet  and  end  in 
the  corpora  quadrigemina,  or  optic  thalamus.* 

Some  fibres  of  the  anterior  part  of  the  lateral  column  are  large  in 
size,  and  curve  upwards  and  downwards  into  the  anterior  horn.  They 
must  be  of  short  course,  and  may  be  fibres  of  the  anterior  nerve-roots, 
which  ascend  and  descend  to  nerve-cells  on  a  different  level  from  that 
of  the  roots  by  which  they  leave  the  cord. 

The  fibres  of  the  anterior  column,  excluding  the  anterior  pyramidal 
tract,  are  termed  by  Flechsig  the  anterior  ground-fibres  (Fig.  65). 
They  are  not  separable,  structurally  or  by  development,  from  those  of 
the  lateral  limiting  layer.  The  ground-fibres  do  not  degenerate 
through  any  considerable  extent  of  the  cord,  and  some  probably  connect 
the  anterior  comua  at  different  levels.  Moreover  some  of  the  fibres 
pass  to  the  anterior  commissure,  and  thus,  by  the  agency  of  the 
anterior  columns,  a  connection  may  be  established  between  the  two 
anterior  comua  at  different  levels. 

The  eommUsure  of  the  spinal  cord  lies  between  the  bottom  of  the 
anterior  fissure  and  the  posterior  columns,  and  in  it  alone  is  there  a 
passage  of  fibres  from  one  half  of  the  cord  to  the  other.  It  consists 
of  two  parts,  an  anterior  or  white,  and  a  posterior  or  grey  commissure. 
The  iohite  commissure  varies  in  thickness  in  different  parts  of  the  cord, 
and  is  largest  in  the  lumbar  region.  It  is  composed  of  medullated 
fibres,  which  cross  in  the  commissure  in  such  a  manner  that  the 
anterior  fibres  on  each  side  pass  out  in  the  posterior  part  of  the 
commissure  on  the  other  side.  The  fibres  in  front  pass  into  the 
anterior  white  column,  those  behind  into  the  grey  substance;  hence 
they  appear  to  establish  a  connection  between  the  anterior  column  of 
one  side  and  the  anterior  comu  of  the  other;  but  many  of  those 
entering  the  anterior  column  merely  pass  through  this  to  the  comu, 
and  this  is  probably  true  also  of  some  of  the  fibres  that  turn  upward 
in  the  column.  Some  seem  to  go  to  ganglion-cells  of  the  grey  matter 
or  to  the  fibrillary  plexus,  others  to  the  anterior  nerve-roots.  Through 
this  commissure  must  also  x>ass  the  fibres  of  the  anterior  pyramidal 
tract,  and  from  it  may  come  certain  fibres  that  have  been  traced 
across  the  intermediate  grey  substance  to  the  lateral  column,  where 
they  assume  a  vertical  direction  in  the  pyramidal  tract,  so  that 
part  of  the  anterior  commissure  is  to  be  regarded  as  a  continuation 

d«9c»nding  aniero- lateral  tract  referred  to  on  p.  216 — the  relations  uf  which  are 
not  yet  quite  distinct  (see  Biedl. '  Near.  Gsnt./  1895 ;  Mott, '  Brain,'  1895 ;  Risien 
Bntsell,  <  Brain/  1898). 

*  Hat  BoMoHmo  ('  Near.  Cent..'  1898,  p.  935)  traces  Qowers's  ant«ro-lateral  tract 
in  a  case  of  tomoor  of  the  cord  into  the  posterior  corpora  qnadri^emina,  the  sub- 
stantia ui);ni,  and  the  gl  bos  pallidns.  Of  ita  diiferant  destination  in  monlceys  there 
seenis  to  bv  no  doubt. 
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of  the  decnflsation  of  the  pTramidB.  Lastly,  s  leur  fibres  of  the 
anterior  commissure  haye  been  shown  to  come  from  the  posterior 
nerve-roots. 

The  ffrey  eommiBiure  contains  yeiy  fine  medullated  nerve-fibres,  a 
large  number  of  whidi  pass  backwards  in  the  posterior  horn  of  each 
side ;  some  appear  to  be  continuous  with  the  fibres  of  the  posterior 
roots,  while  others  probably  end  in  the  nerve-cells  of  the  posterior 
bom.    It  is  highly  probable  from  dinical  evidence  that  a  considerable 

number  of  the  posterior  root-fibres 
(or  fibres  from  cells  in  which  the 
root-fibres  end)  cross  to  the  other  side, 
but  no  reliable  experimental  evi- 
dence  of  such  a  crossmg  has  been 
published.  Within  the  grey  corn- 
commissure  is  the  central  canal  of  the 
spinal  cord,  lined  with  epithelium, 
and  surrounded  by  granular  material, 
said  to  be  similar  in  nature  to  that 
which  caps  the  posterior  horn;  the 
two  are,  indeed,  as  we  hare  seen 
(p.  206),  continuous  in  the  embryo. 
The  canal  is  often  filled  up  by  epithe- 
lial debris  in  adult  cords,*  or,  som^ 
times,  is  much  larger  than  norroaL 
The  latter  state  probably  depends 
on  an  arrest  of  development,  for  the 
layer  of  neuroglial  tissue  around  it  is 
much  larger  than  usual-f 

Boot-fibrea,— The  course  of  the  root- 
fibres  has  been  already  incidentally 
alluded  to,  but  remains  to  be  con- 
sidered in  a  more  systematic  manner. 
The  anterior  roots  pass  through  the 
anterior  columns  in  bundles  which  are 
distributed  through  an  area  of  the 
column  approximately  corresponding 
to  the  width  of  the  anterior  surface  of 
the  comu.  In  the  grey  substance,  the 
coarse  fibres  that  constitute  the  chief  part  of  each  of  these  bundles 
pass  in  three  different  directions,  outwards,  inwards,  and  directly 


JfM.  83w— Central  oMial  Ik  nafmal 
oords.  It  haa  the  form  of  % 
transTerM  slit  in  A,  a  Tertiesl 
■lit  in  C  (from  the  oobu  medal- 
larif),  while  in  B  It  is  oironlat. 
In  each  it  is  lined  by  columnar 
ei^theliam  and  surrounded  bj 
cellular  elemeuti^  rounded,  a« 
angular  from  compreMion 
mingled  with  granules.  In  D, 
which  is  from  the  same  spinal 
cord  as  C,  the  position  of  tbs 
CHnal  is  occupied  h^  a  mass  of 
nuclear  tissue. 


•  This  obliteration  of  the  canal  has  no  pathological  significanoe,  but  has  been 
repeatedly  described  ss  one  of  the  morbid  changes  in  disease. 

t  Ciaglinski  (*Nour.  Cent./  1896)  describes  a  long,  diamond-Fhaped  tract 
situated  in  the  grey  ooitimitsure  between  the  Tentral  estremity  of  tlie  posterif>r 
columui  and  the  central  canal,  diminishing  in  volume  as  it  ascends,  bat  traceable 
to  the  ecrrical  region.  He  believes  that  its  fibres  are  derived  from  the  posterior 
roots»  and  subserve  the  conduction  of  thenri^  and  painful  impressions. 
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laekwarflt  in  tlie  middle  of  the  horn,  and  thus  cross  each  other  aaid 
the  fihrae  from  the  anterior  commissure.  Manj  of  the  fibres  enter 
the  gronpe  of  nerre-ceUe,  and  certainly  end  in  these  cells— or  rather 
arise  from  them,  each  axis-cylinder  being  the  prolonged  chief  process 
of  the  oelL  Such  eeUs  often  lie  among  the  bundles  outside  the  limit 
of  the  grey  matter,  and  their  processes  can  easily  be  traced  forwards 
to  the  nerre-root  and  backwards  into  the  grey  matter.  Some  processes 
that  pass  outwards  enter  the  lateral  white  column  ("mixed  zone'*)» 
and  probably,  after  a  short  course  in  this,  re-enter  the  grey  matter  at 
ft  higher  or  lower  level.  Some  of  the  fibres  that  pass  inwards  may  go 
through  the  commissure  to  the  opposite  anterior  horn.  These  coarse 
fibres  are  probably  all  motor.  Besides  them,  the  nerve-roots  contain 
fine  fibres  for  the  sympathetic  which  do  not  come  from  the  comual 
cells. 

The  poiterior  rooUfibreB  hare  been  the  subject  of  much  investigation 
on  account  of  their  complicated  arrangement  and  the  importance  that 
attaches  to  them  from  their  d^eneration  in  locomotor  ataxy.  Although 
arraoged  in  a  continuous  vertical  series  at  their  surface  attachment, 
the  fibres  are  divisible  into  three  sets,  one  of  which  passes  through 
the  coptti  ecTfiu  pottmoris  (Fig.  80),  a  second  into  the  adjacent  part  of 
the  postero-eztemal  column  (Fig.  65),  while  a  third  set  consists  of  fir  • 
fibres  which  at  once  change  their  direction,  turning  upwards,  and  keep 
together  so  as  to  form  a  cone  (sone  of  Lissauer),whidi  lies  outside  the 
extremity  of  the  posterior  horn  in  the  cervical  region,  but  lower  down 
the  cord  between  the  caput  and  the  sur&ce  of  the  cord. 

The  fibres  of  these  three  sets  have  only  two  immediate  destinations — 
to  the  postero-median  colunm  and  the  posterior  grey  comu.  (1)  Many 
of  the  fibres  that  enter  the  postero-extemal  column  (a)  pass  obliquely 
upwards  and  inwards  to  the  postero-median  colunm.  This  course 
is  through  the  hinder  part  of  the  postero-extemal  column,  and  ia 
the  lumbar  region,  where  the  roots  enter  at  the  bottom  of  their  furrow, 
many  fibres  ootoally  pass  backwards  into  the  adjacent  angle  of  the 
column^  and  may  be.  there  seen  to  torn  upward  in  their  ascending 
course  to  the  median  column.  It  is  this  arrangem^it  that  leads  to  the 
peculiar  wedge*like  shape  of  the  ascending  degeneration  just  above  a 
lesion  (Figs.  77  iuid  78) ;  (b)  other  fibres  entering  the  postero-extemal 
column  curve  forwards  sad  enter  the  posterior  comu,  chiefly  in  front 
of  its  head.  Some  of  these  may  end  by  interlacing  with  the  processes 
of  oeUs  in  Clarke's  ocdumn  or  the  anterior  horns.  The  curves  they 
describe  axe  largest  in  the  lumbar  region,  where  they  almost  reach  the 
postero-median  column.  (2)  The  fibres  that  enter  the  caput  directly, 
pass  through  this  to  the  posterior  horn,  some  on  their  level  of  entrance 
(and  thes^  in  the  lumbar  region,  have  a  curved  course  like  the  meridian 
linea  on  a  globe),  while  others  turn  upward  in  compact  bundles  to 
pass  forward  into  the  comu  at  a  higher  level.  (3)  The  fibres  of 
Idssauer's  group  also  enter  the  horn,  either  through  or  in  front  of  the 
caput,  after  a  short  ascending  course. 

VOL.  I.  15 
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Thus,  except  the  fibres  to  the  postero-median  column  (which  asoend 
in  it  without  decussating),  all  the  other  posterior  root-fibres  enter  the 
posterior  horn,  chiefly  on  its  inner  side  or  through  the  caput,  a  few 
(Lissauer's)  on  it«  outer  side.* 

In  the  posterior  horn,  fibres  of  each  set  pass  to  the  posterior 
commissure ;  others  go  to  the  posterior  vesicular  column  (where  this 
exists),  while  some  pass  forwards  into  the  anterior  comu,  chiefly 
towards  the  outer  group  of  nerve-cells ;  a  few  pass  towards  the  anterior 
commissure,  and  a  considerable  nimiber  probably  end  in  the  nerve-cells 
of  the  horn.  The  fibres  that  pass  to  the  posterior  vesicular  column 
break  up  into  branches  which  interlace  with  the  dendrites  of  its  cells. 
Many  of  those  that  pass  towards  the  posterior  commissure  are  probably 
also  interrupted  by  nerve-cells  in  the  posterior  comu.  Thus  the  chief 
destination  of  the  fibres  that  do  not  enter  the  postero-median  column 
must  be  regarded  as  the  anterior  comu  of  the  same  side  and  the 
opposite  half  of  the  cord ;  and  this  is  probably  true  also  of  the  numer* 
ous  fibres  that  end  in  the  nerve-cells  of  the  comu.  The  fibres  from 
the  vesicular  tract  to  the  direct  cerebellar  tract  perhaps  continue  the 
path  of  the  posterior  root-fibres. 

Blood-supplt  to  thb  Spinal  Cobd. — The  arrangement  of  the 
arteries  in  the  cord  is  not  a  matter,  at  present,  of  much  practical 
importance.  Nevertheless  it  is  one  on  which  some  detailed  facts  are 
necessary,  because  it  is  a  subject  to  which  it  is  most  desirable  close 
attention  should  be  given  on  account  of  the  probability  that  vascular 
lesions  are  more  frequent  than  our  present  Knowledge  indicates,  and 
the  relation  of  lesions  to  arterial  regions  should  be  carefully  noted 
The  chief  general  fact  is  that  the  blood-supply  is  in  part  central,  in 
part  peripheral;  the  central  supply  is  derived  from  the  branches  in 
the  anterior  median  fissure,  and  embraces  the  grey  matter,  except  the 
posterior  horn ;  the  peripheral  supplies  the  posterior  horn  (except  the 
neck)  and  the  white  substance. 

The  arterial  blood  is  brought  te  the  cord  by  small  branches,  derived 
from  the  vertebrals,  intercostals,  and  other  arteries,  which  reach  the 
cord  by  the  anterior  and  posterior  roots.  The  anterior  pass  for  the 
most  part  inwards  te  the  anterior  median  fissure,  where  they  are 
connected  by  vertical  branches,  continuous  in  directioii,  so  as  te  form 
an  anterior  spinal  artery.  From  this  a  series  of  branches  pass  back- 
wards in  the  anterior  median  fissure,  which  may  be  called  anterior 
medicm  arteries,  and  are  of  great  importance,  supplying  most  of  the 
grey  matter.  At  the  bottom  of  the  fissure  each  divides  into  two 
branches,  a  right  and  left  commiaewral  artery,  which  passes  outwards 

*  The  flbrei  that  p«BS  to  the  poBtero-ezternal  column  have  been  termed  the  "median 
group,"  and  the  rest  of  the  root-fibrei  the  "lateral  group/'  those  entering  the  caput 
being  distintruiihed  at  an  "interuu-diate  group."  But  each  inye«tigator  describee 
much  the  same  facta  in  a  diiferent  method,  and  adopts  an  original  nomenclature, 
which  renders  it  belter  at  present  to  keep  the  facts  more  prominent  in  th«  mind 
than  the  names. 
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aad  backwards  thrangh  the  commissarey  displaciiig  ita  fibrea  (and 
henoe,  in  aeotion,  the  commiasure  often  appeara  to  be  interrapted 
where  the  fibrea  are  divided  obliquely).  At  the  end  of  the  commia- 
Bore  each  dividea  into  an  anterior  central  artery,  which  snppliea  moat 
of  the  anterior  hom«  and  a  poeterior  central,  which  supplies  the  inter- 
mediate grey  matter  and  the  neck  of  the  posterior  horn,  including  the 
region  of  the  posterior  Tosicular  column.  Each  commiasural  arteiy^ 
moreover,  before  dividing^  givea  off  a  branch  which  immediately 
bifurcates  into  an  up- 
ward and  downward  ves- 
sel, each  continuous  with 
a  corresponding  branch 
from  the  next  commis- 
sural artery  above  and 
below — the  anastomotic 
artery.  This  effects  a 
vertical  continuity  of 
anastomoses  within  the 
cord,  like  that  of  the 
anterior  spinal  artery 
outside  the  cord. 

The  peripheral  arterie§ 
pass  inwards  from  the 
surface.  A  posterior  me^ 
dian  artery  courses  in  the 
median  septum,  giving 
branches  to  each  side, 
and  an  irUemiediate  septal 
artery  passes  in  the  cor- 
responding septum  out- 
side the  post-median 
column.  Midway  be- 
tween this  and  the  root- 
furrow  a  branch  enters 
and  passes  through  the  postero-extemal  column  to  the  posterior  horn, 
which  it  enters  in  front  of  the  caput  and  chiefly  supplies — ^the 
vosterior  comual  artery  ;  while  a  posterior  radicular  artery  x>asses  in  on 
the  inner  side  of  the  posterior  root,  and  is  distributed  to  this  and  the 
caput.  A  series  of  anterior  radicular  arteries  enter  with  the  anterior 
roots,  and  between  them  and  the  posterior  horn  are  amierior,  middle^ 
and  posterior  lateral  arteries  in  corresponding  parts  of  the  lateral 
column.  The  branches  into  the  lateral  column  do  not  reach  the 
grey  substance ;  the  branches  in  the  grey  substance  extend  into  the 
inner  part  of  the  lateral  column. 

The  veins  of  the  cord  correspond  in  the  main  to  the  arteries,  but  a 
large  proportion  of  the  blood  passes  into  the  peripheral  system. 
Some,  especially  those  of  the  white  substance,  pass  outwards  along 


Fio.  88.— Seml-diagrammatic  reprpsentation  of  tb« 
arteries  of  the  spiual  cord ;  ▲  B,  anterior  ipiiiaL 
Central  arterie», — i  M.  Mnterior  median ;  e  u,  be- 
tween the  right  and  left  oommisaural  arfceriflit 
«,  anastomotic  artery,  divided  transTersely,  tc 
which  a  brancli  {roes  from  the  oommisiaral  artaiy, 
which  then  divides  into  a  e,  Hnterior  ooniiial,  and 
m  c,  mid-cornual  arteries.  Fwipkerai  arUriss,--' 
p  m,  pa<«terior  median ;  p  i,  post-intermediate ;  p  e^ 
posterior  comual  |  p  r,  posterior  rHdiculur;  p  ( 
m  I,  9  I,  regions  of  the  post«'rior,  middle,  and 
anterior  lattral  branches;  ar,  anterior  radicular. 
In  the  right  half  of  the  figure  the  more  deeply 
■haded  part  indicatee  the  region  aupplied  by  tbe 
central  arteries. 
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{he  s^iA\  and  thoM  on  tkf  turftuA  of  the  »id«t  tnd  iMck  of  the 
eord  &re  gatherdd  into  s  posUn&r  ipt/tuU  «eii».  Others,  eepeoially 
of  the  grey  matter,  pase  inwarde  to  a  large  tertioal  rein  that  lies 
bi  the  gnj  coiiixnissarB,  a  little  dlBtanoe  from  the  antral  caaud  on 
each  side  (v.  Fig.  80 ;  oompare  also  Fig«  66),  from  which  Iminohes  pass 
forwards  to  the  anterior  median  fissurei  and  through  this  to  an 
ant^ior  ipinal  tmu  The  anterior  and  posterior  spinal  veins 
delirer  their  blood,  through  communicating  veins,  into  the  large 
venous  plexuses  that  lie  outside  the  dura  mater,  and  which  receive 
blood  also  from  the  bones,  and  from  the  structures  and  skin  behind 
the  spine.  But  the  veins  of  the  spinal  cord  cannot  be  injected  from 
these  plexuses,  not  because  there  are  valves  in  the  connecting  branches, 
but  apparently  because  they  form  so  trifling  a  proportion  of  the  total 
connections.  From  the  plexuses  blood  passes  to  the  various  vertebral, 
cervical,  and  intercostal  veins. 

Although  there  is  a  vertical  continuity  of  the  vessels  of  the  cord, 
it  IB  probable  that  the  course  of  the  circulation  is,  in  the  main,  hori« 
Bontal.  From  the  veiy  tortuous  course  of  the  path  by  which  arterial 
blood  enters  the  cord,  it  is  evident  that  the  pressure  to  which  the 
arteries  of  the  cord  are  exposed  must  be  far  loii^er  than  that  in  the 
arteries  of  the  brain,  and  hence  they  are  far  less  liable  to  degeneration 
and  to  rupture.  On  the  other  hsjid,  the  conditions  that  prevent  an 
injection  of  the  plexus  of  veins  outside  the  dura  mater  from  passing 
into  the  veins  of  the  cord,  must  save  the  latter  from  the  extreme  over* 
distension  to  which  they  would  otherwise  be  liable  when  then  is  a 
hindrance  to  the  return  of  blood  from  the  plexus. 


FUNCTIONS   OF  THE  SPINAL   COMD. 

We  are  now  in  a  position  to  consider  the  functionB  of  the  spinal 
eord,  and  the  structures  by  which  they  are  subserved.  The  functions 
ate  these :  (1)  The  spinal  oord  conducts  motor  nerve  impulses  from 
the  brain  and  sensory  impulses  to  it.  (2)  It  constitutes  a  aeries  of 
centres  for  reflex  action.  (3)  It  contains  oertain  centres  that  ulti- 
mately govern  nervous  action  in  structures  under  the  immediate 
eontrol  6i  the  sympathetic  system,  the  bladder,  rectum,  blood-vessels, 
Ac  (4)  It  influences  the  nutrition  in  all  parts  to  which  its  nerves 
extend. 

MoTOB  OoNDUCTiOK. — ^Tho  duef  facts  regarding  the  physiology  of 
the  motor  path  have  been  necessarily  considered  in  the  account  of 
its  anatomy.  We  have  i^ready  seen  that  the  path  of  motor  impulses 
is  through  the  pyramidal  fibres  (in  the  anterior  and  lateral  pvramidal 
traets),  the  anterior  comii%  and  the  anterior  nerve-roots.    The  gan- 
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glion-celli  form  purt  of  fhapatli,  and  so  also  probal^lj  4oo0  tbat  part 
ai  the  plexut  of  fil^riUe  in  the  coma  which  inteireiiea  between  the 
pyramidal  fibres  and  the  ganglion-cells.  W9  have  seen  that  the 
crossed  relation  of  the  cerebral  hemisphere  with  the  limbs  is  sub- 
senred  bj  the  decussation  at  the  pyramids,  and  apparently  to  a 
slight  extent  above  the  chief  crossing,  since  some  degenerated  fibres 
have  been  seen  in  the  anterior  pyramid  opposite  to  the  lesion  of  the 
brain.  We  have  seen  also  that  we  are  still  ignorant  of  the  mode  of 
connection  of  the  motor  cells  with  the  cerebral  hemisphere  of  the 
same  side  in  the  case  of  the  muscles  that  habitually  act  with  their 
fellows  on  the  opposite.  These  can  be  acted  on  by  either  hemi- 
sphere in  degree  that  approaches  equality  in  proportion  as  they  act 
together,  and  is  almost  complete  in  muscles  such  as  the  intercostals, 
which  can  only  act  together.  It  is  great  in  the  ca«e  of  all  the  trunk 
muscles  and  of  those  of  the  leg,  less  in  those  of  the  arm.  This  relation 
is  further  considered  in  the  account  of  hemiplegia  in  Vol.  n,  to  which 
it  specially  pertains.  The  variations  in  the  decussation  of  the  chief 
set  of  fibres  suggest  that  the  variations  in  observed  facts  bearing  on 
the  question  may  merely  represent  variations  that  exist  in  nature. 
The  connection  may  be  subserved  by  the  fibres  already  mentioned  that 
never  decussate,  but  pass  into  the  lateral  pyramidal  tract  of  the  same 
side. 

The  large  fibres  of  the  anterior  motor  nerve-roots  are  far  more 
Bumerous  than  the  fibres  of  the  pyramidal  tracts,  and  so  also  are  the 
cells  of  the  anterior  horn,  from  which  the  large  root-fibres  proceed. 
Nevertheless  it  is  probable  that  all  these  cells  and  root^fibres  can  be 
excited  through  these  tracts.  Hence  many  cells  must  be  related  to 
eaeh  of  the  pyramidal  fibres.  A  complex  mechanism  is  no  doubt 
established  by  the  interlacement  of  the  terminal  fibriUfis  of  the 
pyramidal  axons  with  the  dendrites  of  the  anterior  comual  cells. 
This  mechanism  is  such  that  the  stimulation  of  certain  pyramidal 
fibres  excites  to  action  a  much  greater  numb^  of  nerve-cells,  so  con- 
nected and  arranged  as  to  produce,  through  the  related  nerve-rocti,  a 
complex  movement,  in  whic^  many  muscles  may  take  part.  The  nerve- 
cells  thus  connected  may  not  all  be  at  precisely  the  same  level,  and 
only  some  of  those  at  a  given  level  may  be  thus  associated.  The 
simpler  the  movements,  and  the  fewer  their  possible  variations,  the 
fewer  pyramidal  fibres  may  suffice  for  the  production  of  the  move- 
ments. Thus  it  is  conceivable  that  for  such  movements  as  those  of 
the  intercostal  muscles,  which  are  simple  and  constant,  very  few 
pyramidal  fibres  may  suffice,  whereas  a  much  larger  number  must  be 
necessary  for  the  highly  variable  movements  of  the  hand.  It  is  pro- 
bable also  that  the  pyramidal  impulses  influence  other  neurons  than 
those  directly  subserving  muscular  contraction.  By  means  of  such 
intermediate  or  associational  neurons  these  impulses  are  enabled  to 
^ect  a  more  complex  and  varying  movement  than  could  otherwise  be 
produced. 
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BEPBBSBNTATIOlir    OV    MOVEMENTS    IK    THE    SpnTAXi    COBD. — ^It 

important  to  inquire  how  far  we  can  identify  these  Tariotis  motor 
mechanisms  of  the  anterior  grey  matter.  There  are  several  soturces  of 
information  on  this  subject.  We  have  already  seen  that  the  arrange- 
ment of  fibres  in  the  anterior  roots  is  such  as  to  associate  certain  move- 
ments with  certain  nerve-roots,  and  it  is  a  reasonable  assumption  that 
this  corresponds,  to  some  extent  at  least,  with  the  arrangement  in  the 
grey  matter.  The  sources  of  our  information  on  this  point  are  the 
limited  facts  of  anatomy,  rare  cases  of  restricted  disease  of  the  nerve- 
roots  in  man,  and  especially  the  experiments  of  Ferrier  and  Yeo  on 
monkeys.  We  have  already  considered  the  indications  that  these 
experiments  afford,  and  their  suggestiveness,  and  we  have  seen  that 
their  value  is  relative  rather  than  absolute.  As  r^ards  the  grey  matter, 
we  must  remember  also  that  there  may  not  be  a  strict  horizontal  corre- 
spondence between  the  nerve-roots  and  the  nerve-cells,  because  it  is 
probable  that  some  root-fibres  enter  the  antero-lateral  white  columnSy 
and  are  connected  with  nerve-cells  at  a  higher  or  lower  level  than  that 
at  which  they  leave  the  cord.  Another  source  of  information  is  the 
degeneration  of  nerve-cells  that  follows  slowly  on  an  amputation  of  a 
limb,  and  the  condition  of  the  spinal  cord  in  congenital  absence  of 
part  of  a  limb.  The  last  and  most  important  source  of  information  is 
supplied  by  cases  of  limited  disease  of  the  anterior  oomua,  in  which 
the  position  of  the  lesion  and  the  distribution  of  the  resulting  paby 
can  be  compared.  Destruction  of  nerve-cells  causes  degeneration  of 
the  motor  fibres  proceeding  from  them,  and  wasting  of  the  muscles  to 
which  those  motor  fibres  proceed.  This  alone  afiEords  us  certain  know- 
ledge. Cases  of  dear  significance  are,  however,  rare,  and  it  will  be 
long  before  our  knowledge  can  be  complete.  Meanwhile  we  may 
learn  something  of  the  central  association  of  muscles  by  observing 
what  muscles  are  most  frequently  paralysed  together  by  such  disease. 
This  subject  has  been  carefully  stuc^ed  by  E.  Bemak*  and  by 
Thorbum,t  and  many  valuable  isolated  observations  have  been  pub- 
lished. It  is  only  the  associations  which  are  frequent  that  can  be 
allowed  significance,  because  it  is  not  uncommon  to  have  more  than 
one  focus  of  disease  in  the  grey  matter.  The  following  summary 
presents  the  conclusions  that  seem  probable  from  the  evidence  at 
present  available.  J 
The  various  facts  for  the  most  part  fully  confirm  the  conclusion  of 

•  *Arcliiv  f.  psychiatric/  vol.  iz« 

t  *  Brain,'  Jnuuary  7tli,  1887,  and  October,  1888.  The  fitcts  were  obaerved  on 
caaea  of  injury.  He  asaociatea  each  muscle  with  a  aingle  apinal  nerve,  but  the^e 
nerves  are  only  collections  of  roots  that  are  severally  continuous,  as  are  the  groups 
of  nerve-cells  within  tlie  cord,  and  it  ia  certain  that  the  roots  related  to  many  of 
the  muscles  go  into  adjacent  apinal  nerves. 

{  A  useful  summary  of  the  evidence  up  to  the  middle  cf  1884  was  giv^en  by  Dr. 
Allen  Starr,  in  the  'American  Journal  of  Neurology,'  Aug.  and  Nov.,  1884.  The 
subject  is  a  tempting  one  for  theory,  but  it  is  very  important  to  keep  to  the  solid 
ground  of  facts,  however  limited  it  may  be  in  extent. 
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Bemak,  corroborated  hy  the  experiments  of  Ferrier  and  Teo,  that 
most  moTements  and  muscles  are  represented  in  vertical  tracts,  and  the 
whole  anterior  grey  matter,  at  any  one  nerve-segment,  contains  cells 
that  are  ooncemed  with  dilEerent  movements.  An  extensive  lesion  of 
smaQ  vertical  extent  may  thus  weaken  many  movements,  but  abolish 
none.  The  special  representation  of  the  muscular  functions,  %.e,  of 
definite  movements,  is  no  doubt  related  to  special  groups  of  nerve- 
cells,  but  a  single  group  may  be  concerned  in  more  than  one  associated 
movement.  Different  groups  are  probably  intimately  connected, 
because  we  know  that  the  contraction  of  any  muscle  is  accompanied 
by  a  slighter  but  proportioned  contraction  of  its  ontagomsts.  Anato- 
mical connections  in  both  spinal  cord  and  brain  doubtless  underlie  this 
association. 

CsRvicAL  Mbqiok, — The  highest  cervical  region  apparently  contains  centres 
for  the  small  rotators  of  the  head,  and  the  depressors  of  the  hyoid  bone  were 
found  by  Beevor  and  Hoi-bley  to  be  related  to  the  first  two  pairs  of  nerves,  the 
sterno-byoid  and  stemo- thyroid  chiefly  to  the  firet  and  the  omohyoid  to  the 
second.*  The  upper  pai-t  also  contains  centres  for  the  mnscles  of  the  neck, 
especially  for  the  stemo-mastoid  and  upper  part  of  the  trapezius.  The  dia- 
phragm is  probably  represented  in  the  grey  matter  at  the  level  of  the  roots  of 
the  phrenic  nerve,  the  fourth  cervical.  In  the  brachial  region  of  the  cervical 
enlargement,  the  muscles  of  the  shoulder  are  represented  chiefly  in  the  upper 
part;  the  intrinsic  muscles  of  the  hand  in  the  lower  part  The  flexors  of  the 
•Ibow  are  represented  above  its  extensors,  and  the  supinatora  and  extensors 
of  the  wrist  above  the  flexors  of  the  wrist. 

DeUoidt  scapular  muscles,  pectoralis,  and  $erratus.^T\\e  fifth  and  sixth 
segments,  for  the  most  part  the  sixth,  and  probably  the  outer  group  of  nerve- 
oells-t  The  centres  for  the  two  paits  of  the  pectoi-alis  are  separate,  and  are 
asaooiated— the  clavicular  with  that  of  the  serratus  magnus,  the  costal  with 
that  of  the  latissimus  dorsi  (see  p.  87).  These  associated  muscles  are  repre- 
sented near  together,  but  not  at  the  same  spot;  the  association  is  often 
reproduced  in  disease  of  the  anterior  oornu,  the  clavicular  part  being  affected 
together  with  the  serratns,  but  one  muscle  may  suffer  without  that  which  is 
commonly  associated  with  it. 

The  FleobOTs  of  the  elbow  and  supinatore  probably  correspond  nearly  in  leVel 
with  the  deltoid.  The  whole  of  this  series  of  muscles  may  be  affected  alone  by 
disease  of  the  nerve-roots  (see  p.  88)  or  of  the  grey  matter,  and  then  we  have 
the  '•  upper  arm  type  "  of  palsy,  described  first  by  Erb. 

Eodensor  of  the  elbow  {iirieepe) :  probably  the  middle  of  the  brachial  region, 
chiefly  the  seventh  segment,  extending  down  to  the  eighth,  and  perhaps  up  to 
the  sixth,  possibly  chiefly  in  the  outer  group  of  nerve-cells. 

The  Extensore  of  the  wrist  are  represented  above  those  of  the  elbow  ; 
probably  chiefly  at  the  sixth  or  sixth  and  seventh  Fcginents,  and  not  from  the 


•  Cliiefly  the  posterior  belly  of  the  muscle,  by  a  branch  joining  the  glosso- 
pharyngeal. The  other  muscles  named  (including  slightly  the  anterior  belly  of  the 
omohyoid)  are  Innervated  from  the  first  cervical  by  a  branch  joining  the  hypoglossal. 

t  Thorburn  (loc.  cit)  refers  the  infra-  and  supra-spinati  with  much  probability 
to  the  fourth  pair  of  nerves. 
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pn8Uro-«iienia.1,  but  from  the  other  gnrapt.  Flexon  of  !&•  vfrUi:  below  tiK 
exteneora,  nearly  on  the  lame  level  m  the  ezteneore  of  the  elbow,  at  the  seTenth 
and  eigfhth  negmente,  and  probably  also  from  one  of  the  outer  gronpe  of  cells. 
The  pronaton  have  nearly  the  same  repreRentatton  aa  the  flexors  of  the  wrist. 

Long  ExUmars  of  thefinger$:  upper  part  of  the  brai-hial  re^cion,  about  the 
level  of  the  sixth  or  between  it  and  the  seventh  segment  $  prohahly  from  one  of 
the  anterior  groups  (not  from  the  postero-lateral  group).  Long  flexon  of  ih$ 
fingers:  below  the  extensors;  probably  seventh  or  eighth  segment. 

InttinHc  muscUt  of  the  hand:  lowest  part  of  the  brachial  region,  and  tha 
thenar  muscles  a  little  higher  than  the  interossei ;  the  latter  being  represented 
in  the  firat  donal  segment.*  The  intrinsio  muscles  (like  the  long  extensora) 
are  probably  related  less  to  the  outer  than  to  the  inner  and  anterior  groups. 
The  two  sets  of  muscles  are  related  both  in  action  and  in  central  connection,  as 
was  illustrated  by  a  case  of  concussion-lesion  under  my  care,  in  which  the  two 
outer  interossei  were  paralysed  and  wasted,  and  also  the  part  of  the  long 
extensor  supplying  the  two  outer  fingers,  but  no  other  muscles. 

LUMBAM  JSNLABasMSNT'--OuT  knowledge  of  the  representation  of  muscles  in 
the  lumbar  enlargement  is  very  slight,  and  we  have  scarcely  any  definite  facts 
concerning  their  relation  to  the  cell-groups.  The  postero-exteinal  group  pre- 
ponderates over  the  others  in  size,  even  more  than  in  the  cervical  cord,  and 
donbtless  also  in  importance.  The  few  pathological  observations  of  changes  in 
the  several  groups  are  not  altogether  consistent.  The  chief  facts  available 
relate  to  the  probable  segmental  level  and  association  of  the  centres,  and  are  as 
follows ! 

Cremaster,  second  lumbar  segment.  Psoas,  second,  tltocus,  third  Inrabar; 
the  two  muscles  (one  in  function)  are  probably  related  to  a  group  of  celU  ex- 
teniling  through  both  segmentN.  Adductors,  fourth  lumbar  segment.  Oluteal 
muscles  (extensors  of  hip),  fourth  and  fifth  lumbar  segments. 

Extensors  of  knee,  third  and  fourth  lumbar  segments,  probably  from  the 
same  gioup  as  the  flexors  of  the  hip ;  the  two  seta  of  muscles  are  often  affected 
together,  and  sometimes  the  abductors  suffer  with  them.  The  Sartorius  is 
probably  related  to  the  third  segment,  bat  not  to  the  same  cell-group  as  the 
extensors  of  the  knee  (to  which,  indeed,  it  does  not  belong;  see  p.  47).  It 
usually  escapes  in  atrophic  palsy  of  the  extensors.  Flexors  of  knee,  fifth  lumbar 
and  first  sacral  segments.  Their  centre  is  thus  below  and  cei-tainly  distinot 
from  that  of  the  extensors. 

The  muscles  of  the  lower  leg,  moving  the  foot  and  toes,  are  related  to  the 
fourth  and  fifth  lumbar  and  the  first  sacral  segments.  The  eai^  muscles,  the 
Hbidlis  anticus,  and  the  p*rroneus  longus  have  certainly  separate  centres,  and 
are  often  affected  separately.  The  tibialis  antica.<<  may  suffer  alone,  or  may 
alone  escape  when  the  other  muscles  in  front  of  the  leg  are  paralysed.  The 
muscles  of  the  calf  may  be  affected  when  those  in  front  of  the  leg  are  not.  It 
is  probable  that  the  peroneus  longus  is  the  highest  in  central  representation, 
and  is  related  to  the  fourth  lumbar  segment. 

The  inti'insic  muscles  of  the  foot,  especially  the  inteix)ssei,  are  the  lowest  in 

•  This  is  the  indication  of  the  majority  of  cases.  Nevertheless  Sahli  has  recorded 
a  case  of  atrophy  of  all  the  intrinsic  muscles  of  the  hand,  in  which  the  lesion  did 
not  extend  below  the  seventh  segment ;  the  eighth  and  first  dorsal  were  perfectly 
norinaL  I  have  seen  a  case  of  atrophy  limited  to  the  deltoid  and  intrinsic  mascles 
of  the  hand,  due  to  an  acuie  process,  probably  htcmorrhage,  but  in  this  case  thers 
iiiay  have  heen  two  lesious. 
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Motrtl  relation!,  being  connected  with  tbe  second  SAorel  segment.  The  position 
of  their  centres,  in  the  lowest  pert  of  the  Ininbar  enlargement,  thus  corresponds 
to  that  of  the  analogous  mnseles  of  the  hand,  in  the  lowest  part  of  the  oervical 
enlargement. 

SxKSOBT  CoKDVCTiON. — OtUT  knowledge  of  the  sensory  path  in  the 
cord  is  &r  less  definite  than  that  of  the  motor  path,  in  spite  of  the 
fact  that  it  hat  been  the  subject  of  a  large  number  of  experimental 
inyestigations.  The  subject  is  a  verj  difficult  one  for  experimental 
solution,  on  account  of  the  difficully  of  ascertaining  the  condition  of 
sensation  in  animals.  The  indications  afforded  bj  disease  are  equivocal 
for  another  reason.  We  have  seen  (p.  78)  that,  in  the  sensory  nerves, 
a  lesion  which  permanentlj  inte,rrupt8  motor  conduction  may  scarcely 
affect  sensozy  conduction,  and  the  same  thing  is  apparently  true  of 
the  spinal  cord.  If  loss  of  feeling  results  from  an  acute  lesion,  it 
often  qiickly  passes  away,  although  motor  palsy  remains  complete 
and  absolute,  and  this  when  all  the  elements  of  the  cord  seem  equally 
implicated  in  the  morbid  process.  In  cases  of  such  chronic  disease 
as  compression,  which  when  slow  must  act  on  all  the  structures  in 
nearly  equal  degree,  the  same  escape  of  sensory  conduction  is  often 
observed.  Difficulties  are  encountered  whatever  mode  of  interpretation 
of  the  phenomenon  we  adopt,  and  the  fact  of  importance  to  our  present 
problem  is  that  we  are  not  yet  able  strictly  to  compare  structural  and 
f imctional  damage  when  the  former  is  moderate.  When  the  damage  has 
been  slowly  produced  it  may  be  apparently  great,  and  yet  function  may 
not  be  much  impaired,  especially  the  lower  function  of  conduction  of 
nerve-force.  The  flignificance  of  these  facts  as  r^ards  the  problem  of 
sensoiy  conduction  in  the  cord  is  that  we  must  be  cautious  in  drawing 
any  conclusion  from  the  persistence  of  sensation.  We  cannot  infer, 
because  supposed  sensory  tracts  are  visibly  diseased  in  a  case  in  which 
there  was  no  loss  of  sensibility,  that  these  tracts  have  not  the  function 
assigned  to  them,  unless  we  can  feel  sure  that  all  the  axis-cylinders 
are  destroyed.  This  we  can  seldom  do;  and  for  this  reason,  and 
because  morbid  processes  are  often  wide  in  distribution,  the  evidence 
that  can  be  obtained  by  comparing  the  position  of  lesions  with  the 
sensoiy  symptoms  they  produce  is  limited  and  uncertain.  Other 
sources  of  information  are  the  effect  of  partial  lesions  of  the  cord, 
intense  in  degree,  but  limited  in  area,  especially  traumatic  lesions 
affecting  one  half  of  the  cord  or  part  of  one  half.  Cases  of  this  kind 
are  of  high  value,  but  in  few,  at  present,  have  the  extent  of  lesion  and 
the  range  of  symptoms  been  accurately  ascertained. 

Hence  physiologists  have  relied  chiefly  on  the  results  of  experiments  on 
animals.  Unfortunately  the  help  these  can  give  is  also  reduced  to  a  literal 
minimum  by  the  difficulties  of  experimentation  and  of  interpretation — the 
physical  difficulties  on  the  one  hand,  the  functional  perplexities  on  the  other. 
Borne  clear  facts  have  been  sscertained,  and  other  results  have  been  obtained 
that  still  wait  certain  interpretation.  It  seems  certain,  in  the  first  place,  that 
sensation  in  any  particular  region  of  the  skin  is  associated  with  the  f anoiioDal 
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BotiTitj  of  a  definite  portion  of  the  opposite  cerebral  cortex.  Anatomical 
evidence  shows  that  the  axons  belonging  to  different  centripetal  tracts  cross 
the  middle  line  at  various  levels  in  the  cord,  medulla,  and  mid-hrain.  The 
earlj  experiments  of  Brown-S^qnard  led  him  to  conclude  that  the  chief  part  of 
the  sensory  path  decussates  soon  after  entering  the  cord,  and  with  this  view 
pathological  facts  in  general  agree.  The  consensns  of  evidence,  however, 
'  points  to  a  less  sudden  and  uniform  crossing  than  was  formerly  assumed.  The 
axons  entering  from  the  periphery  do  not  as  a  rule  pass  directly  across  the  cord, 
but  break  up  in  the  grey  matter,  whence,  poraibly  after  one  or  more  relays,  the 
conducting  path  is  continued  on  the  oppasite  side.  It  will  be  seen  that  these 
oonsidei-ations  suggest  that  sensory  conduction  is  a  function  of  the  lateral  and 
anteru-lateiul  ti-acts  rather  than  of  the  posterior  columns,  which  run  uncrossed 
to  the  region  of  the  medulla.  This  is  quite  in  accordance  with  what  is  found 
both  clinically  and  experimentally.  For  the  posterior  median  fibres  may  be 
extensively  degenerated  when  sensation  is  unimpaired,  a  fact  of  which  we  shall 
see  the  probable  meaning  presently;  and,  on  the  other  hand,  Osawa  has  shown 
that  section  across  the  whole  cord,  with  the  exception  of  the  posterior  column, 
completely  abolishes  sensation.  That  this  abolition  is  incomplete  unless  the 
grey  matter  is  o«)rap1etAlv  divided  was  found  also  by  Schiff ;  the  important 
part  played  by  the  grey  matter  in  sensory  conduction  is  thus  confirmed. 

The  subject,  however,  at  the  present  time  is  too  far  from  even  the  semblance 
of  settlement  to  make  a  discussion  of  the  evidence  worth  the  space  it  would 
need,  especially  in  a  work  dealing  with  practical  medicine.*  It  is  only  desir- 
able, therefore,  to  point  out  certain  leading  facts  and  leading  considerations. 

Clinical  evidence,  largely  based  upon  cases  of  syringomyelia,  points  to  the 
grey  matter  as  the  seat  of  conduction  of  painful  impressions.  Experiments 
suggest  that  impressions  which  act  upon  the  vaso-motor  centre  pass  up  in  the 
latei*al  columns — in  animals  chiefly  on  the  side  of  the  cord  opposite  to  that 
on  which  they  are  produced,  slightly  on  the  same  side.^  Sensations  of  touch 
appear  to  be  conducted  mainly  in  the  lateral  columns  and  grey  matter.  In 
man  the  paths  for  both  touch  and  pain  are  on  the  opposite  side  of  the  cord. 
■"^e  may  accept  as  certain  the  fact  tiiat  the  tactile  or  painful  impulse  we  feel 
crossee  the  middle  line  soon  after  entering  the  cord;  it  is  probable  that  some 
impulses  that  we  do  not  feel  do  not  cross.  We  must  never  forget  that  there  is 
strong  reason  to  believe  that  only  a  minority  of  the  impulses  that  traverM 
afferent  nerves  affect  our  consciousness. 

The  pai*tici|)ation  of  the  grey  matter  in  the  conduction  of  afferent  impressions 
has  been  fully  confirmed  by  the  facts  as  to  the  coui-se  of  centripetal  fibres  in  the 
cord  revealed  by  the  recent  improvements  in  histological  technique.  That 
sensation  escapes  in  anterior  polio- myelitis  points  to  the  posterior  part  of  the 
grey  matter  as  the  seat  of  this  conduction,  and  this  again  is  in  agreement  with 
both  histological  and  experimental f  evidence. 

The  assumidtion  that  a  certain  number  of  centripetal  axons  exist  in  the  central 
grey  matte?  is  of  great  service  in  studying  the  problems  of  sensory  conduction. 

Still,  thoy  are  not  numerous  enough  to  save  us  from  the  difficulty  that  the 


•  TV.as,  for  exiunple,  two  of  the  latest  series  of  experiiiieutii  upon  monkeys,  those 
of  M'#tt  and  Turner,  yield  conflicting  results.  The  latter  are  mainly  confinimtory 
of  those  of  Brown-Sequard ;  while,  according  to  the  loruier,  touch  and  the  muscular 
80^  se  are  mainly  transmitted  up  •lon^  the  side  of  the  cord  at  which  they  enter,  but 

B  paths  of  pain  and  temperature  pass  up  on  both  sides. 

t  S.  $.  the  researches  of  Schiff  and  Ciaglinski  (ste  latir). 
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fibm  we  oan  loolc  to  are,  ialcen  altogether,  instifficient  in  number  to  snbserve 
the  marTellons  differentiation  of  sensation  in  the  periphery— differentiation  in 
qnality  of  feeling  and  especially  in  locality  of  feeling.  But  a  difficulty  may 
become  inoperatiTO,  without  censing  to  exist,  by  being  absorbed  in  a  still  larger 
difficulty  of  the  sarae  kind.  If  we  avail  ourselves  of  all  the  structures  of  the 
spinal  oord  that  can  conceivably  subserve  upward  conduction,  we  fail  to  find 
room  for  the  separate  conduction  of  impulses  which,  nevertheless,  the  spinal 
cord  must  separately  convey. 

On  only  one  hypothesis  is  it  possible  to  conceive  such  conduction.  It  has 
already  been  pointed  out  that  the  increased  power  of  the  microscope  has  shown 
us  that  each  axis- cylinder,  so  called,  is  not  a  simple  body,  but  a  compound 
•tmcture,  composed  of  fibrillse,  and  comparable,  in  point  of  fact,  to  a  bundle  of 
nerve-fibres.  What  was  formerly  regarded  as  division  of  an  axis-cylinder  is 
now  known  to  be  the  separation  of  its  ultimate  fibrilUe,  and  this  has  been 
■hown  to  occur  in  both  motor  and  sensory  axons,  and,  to  a  certain  extent,  along 
their  course  (collaterally)  as  well  as  at  their  terminations.  It  seems  to  follow 
of  necessity  that  each  sensory  area  of  distinct  perception  must  be  subserved  by 
one  of  these  fibrillie.  It  is  conceivable  that  the  impulses  may  keep  each  to  its 
own  fibrillary  path,  however  many  fibrill»  an  axis-cylinder  may  contain.  We 
have,  indeed,  seen  that  such  fibrill»  keep  separate  even  in  traversing  a  nerve- 
oelL  It  is  only  by  such  an  arrangement  that  it  seems  possible  for  the  sensory 
impressions  from  skin  and  tissue,  of  touch,  pain,  and  temperature,  to  be  carried 
to  the  brain  so  as  separately  to  excite  certain  nerve-cells  of  the  cortex. 

If  these  considerations  have  weight  we  cannot  exclude  the  lateral 
and  posterior  columns  from  the  function  of  sensory  conduction  on 
account  of  the  scanty  fibres  we  can  discern  to  subserve  the  function, 
and  may  consider  what  eyidence  on  the  point  disease  and  injury 
afford  in  man. 

Unilateral  lesions  of  the  spinal  cord,  which  cause  loss  of  sensibilitj 
of  the  skin,  do  so  on  the  side  opposite  to  the  lesion.  This  is  true  of 
all  forms  of  sensibility.  They  thus  prove,  beyond  doubt,  the  de- 
cussation in  the  spinal  cord  of  the  path  from  the  cutaneous  nerves 
of  pain,  of  touch,  and  of  temperature.  An  analysis  of  the  cases  in 
which  both  effect  and  lesion  have  been  exactly  ascertained — which 
will  be  considered  more  fully  when  these  lesions  are  described — sug- 
gests certain  other  conclusions  regarding  the  position  of  these  paths. 
The  facts  suggest,  first,  that  the  paths  for  sensations  of  pain  and 
of  touch  are  not  near  together.  S^ibHity  to  pain  has  been  lost  in 
almost  all  recorded  cases,  but  that  to  touch  in  only  two  thirds. 
They  suggest,  secondly,  that  the  two  paths  for  tactile  sensibility 
are  nearer  together  than  are  the  two  paths  for  pain.  In  no  case 
of  chiefly  unilateral  lesion  has  sensibility  to  pain  been  lost  on  both 
sides,  whereas  in  two  recorded  cases  sensib.lity  to  pain  was  lost  on  the 
side  opposite  to  the  lesion,  while  that  to  touch  was  lost  on  both  sides.* 

*  It  is  poftHible  thHt  tHctile  sensibility  may  have  been  lost,  in  other  cases,  on  tbe 
second  side,  i.  «•  on  the  side  of  the  lesion,  and  the  loss  may  have  escaped  notice  in 
consequence  of  the  exaltation  of  sensibility  which  is  commonly  present^  and  which 
Is  presumably  due  to  the  nerves  of  common  sensibility. 
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Thew  eonclTudoiii,  moreover,  are  supported  bj  tbe  faetf  of  two  import 
tant  cases  of  injurj  to  the  oord  whieh  afford  direct  localismg  indicao 
lions.  One  is  a  case,  recorded  bjmjself,*  in  which  the  spinal  cord  in 
the  upper  corneal  r^on  was  damaged  by  a  small  spiculum  of  bona 
being  driven  against  it  bj  a  bullet,  which,  entering  the  mouth,  lodged 
in  the  bodj  of  the  third  cervical  vertebra.  The  extent  of  the  lesion  of 
the  cord  is  shown  in  Fig.  84.    The  chief  injury  is  clearly  to  the  lateral 

columa  and  grey  matter,  the  posterior 
column  being  merely  swollen,  appa- 
rently by  oddema.  The  affeoted  part 
was  the  seat  of  hssmorrhage  and 
lin)morrhagio  infiltration.  The  effeot 
was  entire  loss  of  sensibility  to  pain 
on  the  opposite  side  without  any  im- 
pairment of  tactile  sensibility.  To 
this   the    other    case,    recorded    by 

MA  OA  r*T  ^  t-  1  a  u  Muller,t  is  almost  a  complement.  A 
Pi».  84.~8ection  of  spinal  oord  be-     ,,  jji--jjxi.        i_i      m 

tween  the KotMid and  third cervioiil  stab- wound  dividea  the  whole  Of  ono 
norreiccoututfedbygaiithotii^ury.  half  of  the  cord,  including  the  post0» 

rior  column,  and  also  the  posterior 
column  of  the  other  side  almost  up  to  the  nerve^roots;  the  gri^ 
matter  of  this  side  escaped.  The  whole  of  both  postero-me  lian 
columns  was  thus  divided.  The  effect  was  loss  of  sensibility  to  pain 
on  the  side  opposite  to  the  lesion,  and  of  that  to  touch  on  both  sides. 
Thus  there  is  strong  reason  to  believe  that  tbe  path  for  sensibility 
to  pain  does  not  pass  in  the  posterior  columns.  The  evidenoo  c(t 
disease  (syringomyelia)  points  to  the  grey  matter  as  at  any  rate  the 
main  seat  of  this  path.  We  have  already  seen  that  the  escape  of 
sensation  in  anterior  polio-myelitis  indicates  that  it  must  pass  along 
the  posterior  part  of  the  grey  matter,  and  this  accords  well  with 
experimental  evidence.  Thus  Schiff  found  that  section  through  the 
whole  cord  except  the  posterior  columns  abolished  sensation  to  pain 
below  the  lesion,  whereas  if  a  trace  of  the  posterior  part  of  the  grey 
matter  was  left  this  sensation  was  still  transmitted,  though  delayed. 
Ciaglinski^  describes  an  ascending  tract,  found  experimentally  in  the 
dog  and  verified  histologically  in  man,  between  the  postero-median 
column  and  the  central  canal,  and  regards  this  as  the  path  for  impres* 
sions  of  pain  and  temperature.  /As  to  the  path  of  tactile  sensibility 
we  must  wait  for  further  evidence.  The  fibres  that  degeneiate 
upwards  in  the  median  columns,  passing  to  them  from  the  external 
posterior  columns,  and  constituting  so  large  a  proportion  of  their 

•  « Clinical  Soolety't  Tranf.,'  vol.  si,  1878,  p.  2i. 

f  '  Beitr&g^  inr  path.  Anafe.  and  Phys.  der  Buckenm.,'  Ldpsig^,  1871.  Abstracts. 
which  snppleinent  each  ofcher,  and,  together,  give  a  full  Mccoant  of  the  case,  will  be 
foand  in  KObuer's  article  on  unilateral  lesions,  'Deut.  Arch.  f.  kiln.  Med.,'  1877| 
Bd.  six,  p.  190;  and  in  '  Virchow's  Juhreabericht/  1871,  Bd.  i,  p.  152. 

J  Cia,'linski,  •NeuroL  Centralbl.,'  1896. 
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niMi,  apparent^  eome  from  the  mtLsdflt.  We  may,  howBver,  re- 
member that  many  fibres  pass  to  the  posterior  columns  from  the 
gi^  matter,  and  slso  from  the  posterior  oommissnre  in  the  middle 
line ;  some  of  the  former  may  also  come  from  the  posterior  oommis* 
sure,  and  both  these  sets  of  fibres  may  have  crossed  in  the  middle  line. 
It  is  possible  that  these  fibres  conduct  tactile  sensibility,  and  that 
they  are  mingled  with  those  that  conduct  muscular  sensibility.  This 
theory,  however,  can  only  be  regarded  as  a  suggestion  for  future 
observations ;  it  must  be  confessed  that  the  results  of  experiment, 
which  are,  however,  for  reasons  already  stated,  not  so  valid  as  dinical 
observations,  tend  to  indicate  the  implication  of  the  lateral  and  antero- 
lateral columns  in  the  conduction  of  tactile  sensations. 

The  conduction  of  impulses  from  the  muscles  is  certainly  in  the 
posterior  median  columns.  This  is  clearly  shown  by  the  facts  of  the 
pathology  of  tabes.  The  function  of  the  direct  cerebellar  tract  has 
still  to  be  demonstrated.  There  are  certain  resemblances  between  its 
fibre-relations  and  those  of  the  posterior  median  columns  which  give 
countenance  to  Flechsig's  theory  that  it  conveys  impressions  from  the 
muscles  of  the  lower  part  of  the  trunk  and  between  the  trunk  and 
lower  limbs.  But  the  origin  of  its  fibres  from  the  cells  of  the  poste- 
rior vesicular  column,  and  the  mystery  attaching  to  the  latter,  give 
additional  obscurity  to  this  structure.  The  fine  nerve-plexus  between 
the  cells  seems  connected  with  fibres  of  the  posterior  roots,  and  this 
plexus  is  said  to  atrophy  early  in  locomotor  ataxy.*  The  obscurity 
will,  indeed,  be  dispelled  if  we  can  accept  the  speculation  of  Sher- 
rington that  this  cylinder  is  really  part  of  the  series  of  ganglia  on  the 
posterior  nerve-roots,  which  occupies  a  position  within  the  spinal  cord, 
and  is  continuous  instead  of  broken  into  ganglia. 

The  pa&  for  sensations  of  temperature  is  still  unknown.  The  fact 
that  this  sense  is  frequently  impaired  with  sensibility  to  pain  suggests 
that  the  two  paths  may  be  near  together  in  the  grey  matter.  More 
than  this  cannot  be  said. 

But  we  have  to  consider  another  problem  in  our  study  of  the 
sensory  path.  The  same  impression  that  is  felt  may  excite  a  refiez 
action.  For  this,  afferent  root^fibres  must  end  in  the  grey  matter  of 
the  cord.  Are  the  two  functions  subserved  by  the  same  or  by  different 
fibres  P  A  similar  question  presents  itself  with  regard  to  the  muscle 
nerves.  If  the  ascending  degeneration  in  the  postero-median  column, 
when  the  caada  equina  is  diseased,  is  admitted,  as  it  must  be,  as 
proof  that  these  root-fibres  pass  up  without  interruption,  the  musde- 
reflez  action  must  be  subeerved  by  other  fibres.  For  it,  however, 
comparatively  few  may  suffice.  With  regard  to  the  other  sensory 
fibres,  the  evidence  at  present  suggests  that  aU  tmdergo  interruption 
in  the  Qonal  cord,  since  no  other  paths  have  yet  been  found  degene- 
rated when  a  lesion  has  been  confined  to  the  nerve-roots.    If  so,  the 

•  liiMauer,  Oppsnliein,  Ac  See  Hott»  *<  Bipolar  Cells  of  the  Spinal  Ce  d." 
*  HrHin/  part  lii,  IWk 
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same  fibres  probablj  sabserve  sensation  and  reflex  action,  the  den- 
drites of  the  nerve-cells  providing  a  mechanism  for  the  division  of  the 
path  and  diversion  of  the  impulses.  No  impression,  in  health,  causes 
a  true  reflex  action  that  does  not  sJso  produce  a  conscious  sensation. 

Our  knowledge  of  the  serisJ  representation  of  cutaneous  sensibilitj  in 
the  spinal  cord  has  of  late  been  much  increased  bj  the  careful  researches 
of  Head,  Thorbum,  Starr,  Dana»  and  others.  It  is  probable  that  there 
is  a  progressive  representation  of  the  skin  in  the  posterior  nerve-cells 
without  relation  to  the  nerve-trunks,  and  with  onlj  a  slight  relation  tx> 
the  nerve-roots.  Correspondence  with  the  latter  must  not  be  assumed. 
In  the  roots  the  serial  representation  is  along  the  axis  of  the  limb,  not 
across  it,  as  it  probablj  is  in  the  nerve-cells.  In  the  dorsal  cord, 
ascending  disease  often  causes  an  affection  of  sensation  which  extends 
around  the  trunk  at  higher  and  higher  levels.  In  the  limbs  we  have 
indications  of  the  same  arrangement:  the  soles  and  palms  maj  be 
afiCected  alone,  and  anffisthesia  maj  extend  on  the  limb  to  a  certain 
level*  irrespective  of  nerve  distribution.  This  is  often  seen  in  the  legs. 
I  have  known  anesthesia  in  the  arms,  due  to  disease  of  the  cord,  to 
oease  midway  between  shoulder  and  elbow,  at  the  same  level  around 
each  arm.  Disease  of  the  cord  may  affect  sensation  on  the  tips  of  the 
^^.fingers  only.  It  is  probable  that  the  ascending  course  of  many  of  the 
root-flbfes  subserves  a  rearrangement  of  representation  in  the  oeUs, 
and  provides  also  for  a  special  connection  of  the  tactile  nerves  from 
each  part  of  the  skin  with  the  motor  cells  for  the  muscles  beneath — 
so  conspicuous  in  many  of  the  cutaneous  reflexes. 

Bkflex  Aotiok. — The  grey  matter  of  the  spinal  cord  constitutes  a 
series  of  reflex  centres,  some  of  which  must  be  of  considerable  ver- 
tical extent  and  much  complexity.  They  are  subserved  not  only  by  the 
grey  matter,  but  by  the  short  fibres  that  in  the  several  white  columns 
connect  the  grey  matter  at  different  levels.  The  passage  of  the  root- 
fibres  upwards  and  downwards  in  the  cord,  before  they  turn  into  the 
grey  matter  (conspicuous  in  the  posterior  roots),  also,  as  we  have 
noted,  constitutes  an  arrangement  for  spreading  the  afferent  impulses 
through  a  considerable  vertical  extent  of  the  cord. 

We  have  already  seen  (p.  19)  that  we  must  distinguish  two  forms 
of  reflex  action — ^the  cutaneous  reflex  action  and  the  muscle-reflex 
action,  the  latter  producing  the  "  myotatio  irritability  "  which,  as  we 
assume,  determines  the  so-called  **  tendon-reflex  contractions."  The 
first  form  of  refiex  action  is  not,  however,  limited  to  impressions  on 
the  cutaneous  nerves.  It  may  be  produced  by  stimulation  of  the 
nerves  supplying  the  deeper  structures,  including  those  of  the  tendons 
and  muscles.  The  attempt  to  obtain  the  knee-jerk  may  cause  a  true 
refiex  action  as  well  as  its  special  effect,  the  two  being  separate<i  by 
an  appreciable  interval  of  time  (see  Locomotor  Ataxy).  Eeflex  action 
from  the  skin  is  apparently  subserved  by  all  the  sensory  nerves, 
since  it  may  continue,  although  the  nerves  for  either  pain  or  touch 
have  ceased  to  act,  in  consequence  of  those  degenerative  processes  hj 
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wUch  function  is  sometimes  abolislied  in  as  complete  degree  and  with 
as  precise  limitation  as  the  physiological  inquirer  could  desire. 

The  central  process  concerned  in  reflex  action  must  take  place 
between  the  posterior  nerve-roots,  by  which  the  sensory  impulses 
reach  the  cord,  and  the  anterior  roots,  by  which  the  motor  impulses 
leaye  it.  The  motor  ganglion-cells  form  part  of  the  reflex  centre,  and 
the  rest  of  the  centre  is  doubtless  constituted  by  the  flbrillary  plexus 
formed  by  the  inosculation  of  their  dendrites  and  those  of  the  sensory 
nerve-cells.  The  whole  path  between  and  including  the  in-  and  out- 
bearing  nerves  may  be  spoken  of  as  the  "  reflex  arc ;"  the  grey  matter 
concerned  being  called  the  "  reflex  centre."  In  this  "  centre  "  the 
sensory  impulse  is  transformed  into— or  rather  gives  rise  to— a  motor 
impulse,  usually  much  greater  in  the  degree  of  its  energy.  Within 
the  centre  there  are  paths  established  by  the  connections  between  the 
nerve  structures,  of  which  only  a  few  are  in  functional  use.  It  is 
easy  to  conceive  that  the  functional  action  takes  place  more  readily  in 
some  lines  than  in  others,  and  these  lines  of  easiest  action  are  often 
spoken  of  as  "  lines  of  least  resistance,"  and  are  said  to  determine  the 
form  of  the*  reflex  action.  In  its  simplest  form  a  **  reflex  arc  "  con- 
sists of  two  neurons,  a  centripetal  and  a  centrifugal,  between  the 
dendrites  of  which  the  transformation  of  the  impulse  takes  place. 
More  powerful  stimulation  brings  also  into  action  the  dendrites  of  the 
centripetal  neuron  which  are  associated  with  other  neurons  than  the 
centrifugal  already  mentioned,  and  henoe  conduces  to  a  wider  area  of 
motor  discharge. 

The  stronger  (within  limits)  the  afferent  stimulus,  the  more  widely 
does  the  process  spread  in  the  centre,  and  the  more  extensive  is  the 
movement  produced.  Thus  a  slight  touch  on  the  sole  may  cause  only 
a  movement  of  the  foot,  while  a  prick  may  cause  a  movement  of  the 
whole  limb.  At  the  same  time  there  is  mudi  more  than  degree  involved 
in  the  difference  between  these  two  stimuli.  The  impression  that  is  felt 
as  pain  causes  a  quick  simple  movement  of  the  part,  in  which  chiefly 
the  flexors  are  involved.  It  is  a  movement  obviously  to  withdraw  from 
harm,  and  it  is  proportioned,  in  energy  and  extent,  to  the  intensity 
of  the  stimulation.  To  tluSf  however,  there  is  one  limitation: — a 
strong  impression  of  pain  may  prevent  all  reflex  movement  by 
exerting  an  inhibitory  influence  on  the  centres.  On  the  other  hand, 
a  tactile  impression  causes  a  much  more  complex  movement,  which 
does  not  bear  a  simple  relation,  in  extent  and  energy,  to  the  degree 
of  the  sensory  impulse,  but  is  also  influenced  by  the  quality  of  the 
impression  at  the  place  at  which  it  is  produced.  Thus  the  reflex  move- 
ment produced  from  the  palm  or  sole  is  especially  elaborate ;  it  may 
present  an  indication  of  the  central  relations  by  which  the  purposed  use 
of  the  extremities  is  facilitated.  The  effect  of  all  painful  impressions 
is  similar,  whether  these  are  produced  through  the  nerves  of  the  skm 
or  those  of  deeper  structures.  The  reflex  action  caused  by  pinching 
a  tendon  is  just  the  same  as  that  caused  by  a  pinch  of  the  skin  over 
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the  tendon.    Even  impreBiions  from  tbo  afferent  mnscle-aerfw  < 

a  similar  reflex  morement.    Thus  there  is  no  real  distinction  between 

the  deep  and  sapeifioial  true  reflex  action. 

The  muscle-reflex  action  which  is  assumed  to  exist  between  the 
afferent  and  efferent  nerves  of  a  muscle  (and  to  underlie  the  mjo- 
tatic  irritabilitj  which  permits  the  knee-jerk,  Ac)  has  been  alreadj 
considered  in  discussing  the  theory  of  tUs  irritability.  It  is  appa- 
rently a  uniformly  simple  relation  between  the  two  sets  of  nenros  . 
for  the  same  part  of  a  musde;  the  reflex  action  is  confined  to  those, 
and  does  not  spread  through  a  wider  extent  of  the  grey  matter,  as 
that  from  the  skin  frequently  does.  When  a  muscle  is  made  tense, 
or  its  tendon  is  tapped,  the  mechanical  stimulation  influences  all  the 
afferent  nenres  or  all  the  muscular  fibres,  and  the  whole  muscle  neces- 
sarily responds.  The  motor  ganglion-cells  of  the  anterior  horn  must 
form  part  of  the  centre  for  each  form  of  reflex  action,  but  that 
portion  of  tiie  centre  which  intervenes  between  the  afferent  nerves 
in  the  posterior  root  and  the  motor  cells  must  be  distinct  in  part 
or  altogether.  Beyond  this  we  can  say  nothing  of  the  relation  of 
the  two  centres. 

These  reflex  centres  are  subject  to  control  by  higher  centres,  as  are  all 
lower  centres  in  the  nervous  system.  All  true  reflex  action,  s.  g.  that 
from  the  skin  excited  by  a  touch  or  prick,  is  controlled  and  kept  mode- 
rate by  an  influence  from  the  brain,  for  it  becomes  excessive  when  the 
influence  of  the  brain  is  stopped,  as  by  a  lesion  interrupting  the  spinal 
cord;  it  is  increased  in  all  parts  that  are  connected  with  the  oord 
below  the  lesion.  We  have  no  precise  knowledge  of  the  seat  of  the 
controlling  centre  or  of  the  path  by  which  the  control  is  exerted. 
In  frogs,  however,  the  restraint  seems  to  be  exerted  by  the  optio 
lobes ;  in  man  it  is  less  likely  to  be  exerted  by  the  homologous  corpora 
quadrigemina  than  by  the  optic  thalamus.  The  mechanism  must, 
however,  be  complex,  since  the  restraining  inflnenoe  may  be  increased 
by  disease  in  some  parts  of  the  brain ;  many  cerebral  lesions  which 
cause  hemiplegia  cause  also  a  diminution  of  cutaneous  reflex  action 
on  the  paralysed  side.  The  effect  seems  to  indicate  that  the  cerebral 
centre  which  controls  reflex  action  is  itself  habitually  controlled  by  a 
higher  centre,  perhaps  in  the  cortex.  When  this  is  destroyed,  or  the 
path  from  it  is  interrupted,  the  eontrolling  centre  passes  into  a 
condition  of  increased  activity,  and  the  reflex  action  is  lessened. 
This  is  a  theoxy  only,  bat  it  seems  impossible  otherwise  to  explain 
the  facts. 

The  muscle-reflex  centres  seem  also  to  be  under  the  control  of  other 
centres,  because,  if  there  is  disease  of  the  cord  higher  up,  they  also  pass 
into  a  condition  of  increased  activity.  But  the  phenomena  of  their 
disturbance  present  three  important  points  of  difference  from  those  of 
common  (s.  g.  cutaneous)  reflex  action.  (1)  We  know  with  certainty 
the  path  disease  of  which  determines  their  excess :  it  is  the  pyramidal 
tract.    (2)  Disease  of  the  brain  does  not  cause  a  permanent  diminu- 
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Um  in  the  action  of  tbe  miuolfl-ie&e^  centres,  as  it  bo  frequently  does 
in  the  case  oi  the  centres  for  cutaneous  reflex  action.*  On  the 
oontnuj^  disease  of  the  pyramidal  fibres  in  the  brain  causes  the  same 
excess  of  this  form  of  reiSex  action  as  does  disease  of  the  pyramidal 
fibres  in  the  cord.  (8)  The  excess  does  not,  as  a  rule,  quicldy  follow 
an  interruption  of  the  path  from  the  brain,  as  does  the  excess  of 
superficial  refiex  action.  There  may,  indeed,  be  an  immediate,  usually 
temporary*  excess,  coinciding  with  **  early  rigidity  "  from  the  irritation 
of  tine  pyramidal  fibres,  but  the  permanent  excess  comes  on  at  the  end 
of  a  wedc  or  ten  days,  and  gradually  increases. 

The  explanations  may  be  these.  The  slowness  with  which  the  reflex 
action  usually  becomes  excessive  is  conspicuous,  and  its  significance 
must  be  considerable.  The  lesion  of  the  pyramidal  fibres  causes  their 
degeneration  below  the  lesion,  and  this  must  involve  their  termination 
in  the  grey  matter.  The  excess  of  action  of  the  centres  may  be  the 
result  of  tiie  d^ieneratipn  of  the  terminal  structures,  whicii  may  con- 
stitute a  controlling  mechanism  that  normally  restrains  the  activity  of 
the  muscle-reflex  centres.  The  interval  which  elapses  before  the 
excess  is  manifested  may  be  due  to  the  fact  that  there  is  little 
tendency  to  increased  activity ;  that  but  slight  control  is  habitually 
exercised  or  needed ;  and  that  the  capacity  for  over-action  is  gradually 
developed  and  gradually  increases — increasing  capacity  being  deve- 
loped by  the  increased  activity. 

It  is  probable  that  the  voluntary  impulses  pass  from  the  termina- 
tion of  the  pyramidal  fibres  to  the  motor  cells  through  structures  of 
which  this  muscle-reflex  centre  forms  part,  and  that  therefore  its 
elements  must  be  in  part  excited  to  action  by  pyramidal  impulses — a 
ooncluBioii  quite  compatible  with  a  restraining  influence  exerted  by 
these  fibres  or  their  endings  when  no  volitional  impulses  descend 
them. 

The  chief  local  forms  of  superficial  and  musde-reflex  action  have 
been  already  described  (see  p.  19,  et  teqJ).  Their  centres  are  found  in 
the  corresponding  segments  of  the  cord  shown  in  the  table  at  p.  252. 

Adaptatiok  to  Postubs. — Every  difference  in  posture  involves  a 
difierenoe  in  the  distance  between  the  attachments  of  the  muscles  of 
the  part.  When  the  muscles  are  at  rest  they  present  always  a  certain 
state  of  "  tone,"  which,  being  equal  in  every  posture,  must  vary  auto- 
matically with  every  change  of  posture,  however  brought  about.  In 
passive  movements  the  muscles  that  are  elongated  and  those  that  are 
shortened  adapt  themselves  to  the  change  as  it  proceeds.  Apparently 
the  increased  tension  on  the  former  makes  them  yield  to  the  move- 

*  A  verj  fare  exception  to  this  rale  will  be  mentioned  when  the  functions  of  the 
brain  are  considered.  MoreoTer  the  knee-jerk  is  abolished  in  some  cases  of  tnmour 
of  the  eerebellaoiy  a  phenomenon  to  be  rememb«>red  in  connection  with  the  fact 
that,  while  one  part  of  the  afferant  impulses  fh>m  the  muscles  acts  on  the  cord» 
saother  part  apparently  passes  up  to  the  cerebellam.  See  the  aocoont  of  co- 
ordination of  movement  on  the  next  page. 
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ment,  and  the  lessened  tension  on  the  latter  makes  them  contract,  each 
set  thus  preserving  its  proper  tone.  The  tone  of  a  muscle  seems  to 
be  produced  by  a  reflex  process,  due  to  a  certain  state  of  the  motor 
cells  regulated  by  the  impressions  from  the  afPerent  muscle-nerves. 
These,  as  we  have  seen,  are  produced  by  tvro  mechanical  influences, 
the  lateral  pressure  of  the  fibres  (as  in  the  pain  of  cramp)  and  the 
tension  on  the  muscle.  An  increase  of  the  latter,  in  passive  move- 
ment, seems  to  lessen  the  activity  of  the  cells  and  permit  the  fibres  to 
elongate ;  a  diminution  increases  the  activity  of  the  cells  and  causes 
the  fibres  to  shorten.  It  further  appears  that  the  tone  of  a  muscle  is 
influenced  through  the  spinal  cord  by  the  condition  of  its  antagonists. 
Thus  the  knee-jerk  may  be  increased  by  cutting  the  sciatic  nerve — t.  e. 
the  nerve  to  the  flexors,  or  diminished  by  stimulating  it.  An  increase 
similarly  results  when  the  hamstring  muscles  (the  antagonists  of  the 
quadriceps)  are  relaxed  by  flexion  of  the  knee.* 

Oo-OBDiNATioK  OF  MovEMBNT. — Tho  co-ordiuation  of  muscular 
contractions,  which  results  in  the  ordination  or  ordering  or  arrange- 
ment of  movement,  has  been  already  described  (p.  7),  so  far  as  its 
general  features  are  concerned.  We  cannot  ascribe  to  the  spinal  cord 
any  process  that  can  be  designated  the  arrangement  of  movement ; 
since  the  muscular  contractions  correspond  to  the  activity  of  the  motor 
oells  of  the  cerebral  cortex,  and  to  the  corresponding  impulses  along 
the  pyramidal  fibres.  These  determine  the  initial  activity  of  the 
motor  oells  of  the  cord,  both  for  the  muscles  that  move  a  part  and  for 
those  that  oppose  the  action  of  the  others  and  give  steadiness  and  uni- 
formity to  the  movement.  But  these  impulses  from  the  brain  descend 
on  spinal  cells  that  are  not  in  a  passive,  inactive,  functionless  state. 
Such  a  state  probably  never  exists,  for  even  when  there  is  no  voluntary 
activity  there  must  be  the  activity  on  which  the  tone  depends, — that, 
as  we  have  just  seen,  must  exist  in  all  postures  of  the  limbs.  This 
state  of  the  cells  preceding  volimtary  activity  is  determined  by  the 
afferent  impulses,  chiefly  by  those  from  the  muscles.  Through  these 
the  muscles  are  adapted  to  posture,  and  in  the  mechanism  for  adapta- 
tion to  posture  we  may  trace  also  a  mechanism  for  part  at  least  of  the 
co-ordination  effected  in  the  spinal  cord.  This  seems  to  consist  of 
two  parts.  (1)  An  automatic  variation  in  the  state  of  muscles,  per- 
mitting the  ordered  performance  of  intended  movements.  The  state 
of  the  afferent  impulses  acting  from  the  muscle  on  the  motor  cells 
must  be  at  once  altered  by  the  effect  of  the  voluntary  activity  of  the 
muscles,  since  this  will  alter  the  impulses  in  the  muscle-nerves  by  the 
changed  and  changing  pressure  and  tension  on  the  tissues  in  which 
these  nerves  end — the  pressure  of  the  contracting  and  widening  fibres 
and  the  tension  in  the  antagonists  that  oppose  the  motion,  but  do  not 
prevent  it,  and  are  made  more  tense  by  the  muscles  they  are  opposing. 
These  impulses  pass  to  the  cord,  and  there  act  on  the  motor  cells,  and 
influence  their  state  in  a  way  that  we  can  at  present  only  guess  at,  but 

•  8m  ShMTing'on,  'Brit.  Med.  Journ.,'  1893,  vol.  ii,  p.  685. 
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which  must  be  of  the  utmost  importance.  There  must  of  necessity 
be  a  definite  relation  between  certain  states  of  the  muscle  and  the 
strength  of  afferent  impulse  produced  thereby.  If  we  conceiye  that 
an  increase  in  the  impulse  (making  it  greater  than  corresponds  to  the 
degree  of  activity  of  the  motor  cells),  such  as  must  resxilt  from  the 
increased  tension  on  the  muscle,  lowers  the  actiyity  of  those  cells,  we 
can  imderstand  the  way  in  which  the  contracting  antagonists  relax  to 
permit  movement  which  tends  to  occur.  As  soon  as  the  resistance 
begins  to  yield,  the  tension-stimulus  will  be  increased,  and  the  total 
afferent  impulse  become  disproportionately  great  in  relation  to  the 
degree  of  activity  of  the  cells ;  as  a  result,  this  activity  is  lessened  and 
the  muscles  yield.  This  involves  a  constant  regulation  of  the  activity 
of  the  various  motor  cells  by  the  afferent  impulses.  A  like  but 
opposite  effect  must  be  produced  on  the  cells  of  Uie  muscles  producing 
the  movement.  This  effect  on  the  cells  will,  of  course,  blend  with  that 
of  the  voluntary  impulse  from  the  brain  that  is  causing  the  movement. 
Thus  the  spinal  muscle-reflex  process  permits  the  desired  movement 
to  take  place,  as  it  could  not  do  if  the  state  of  the  ceUs  were  not  thus 
automatically  regulated.  (2)  Belations  between  the  various  reflex 
processes  are  doubtless  established  by  the  repetition  of  movements, 
and  thus  planned  mechanisms,  as  it  were,  are  established  in  the  cord ; 
within  their  range  the  various  movements  occur.  The  state  of  the 
muscles  in  standing,  for  instance,  is  almost  perfectly  reproduced  by 
the  extensor  spasm  that  occurs  when  the  muscle- reflex  processes  are  in 
great  excess.  Thus  we  have  a  mechanism  by  which  a  relatively  simple 
voluntary  impulse  may  produce  an  extensive  co-ordinated  movement. 
But  what  we  can  discern  shows  that  we  must  regard  spinal  co-ordina- 
tion as  essentially  a  reflex  process,  chiefly  due  to  the  impulses  from  the 
muscles.  The  correctness  of  this  view  can  hardly  be  doubted  when 
we  come  to  see  its  perfect  harmony  with  the  phenomena  and  the  con- 
ditions of  spinal  inco-oidination. 

Still  it  must  be  always  remembered  that  this  spinal  process  is  of 
the  nature  of  a  subordinate  mechanism,  determining  the  precision  of 
form  rather  than  the  actual  arrangement  and  order  of  the  muscular 
contraction.  This  is  done  by  a  higher  process,  a  co-ordination  which 
consists  in  the  form  of  action  of  the  motor  cells  of  the  cerebral 
cortex  that  is  produced  by  still  higher  volitional  processes.  These, 
however,  as  we  shall  see,  are  themselves  subject  to  a  like  influence  and 
the  seat  of  an  analogous  regulation,  chiefly,  it  is  probable,  by  impulses 
proceeding  from  the  cerebellum,  which  are  also  due  to  the  varying 
excitation  of  the  muscle-nerves.  That  the  nerve-flbres  which  pass  up 
the  posterior  median  columns  conduct  impulses  from  the  muscles  that 
determine  cerebral  co-ordination  scarcely  admits  of  doubt  Interrup- 
tion of  this  path  in  any  part  of  its  course  causes  a  defect  of  co- 
ordination, which 'resembles  that  due  to  cerebellar  disease  with  sufficient 
closeness  to  add  weight  to  other  facts  suggesting  that  it  is  through 
the  cerebellum  that  the  impulses  carried  by  this  path  act  on  the 
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cortex,  regulating  and  determining  the  actiritj  of  its  oells  and  £» 
resulting  movement.*  The  impulses  may  reach  the  oerebellum,  aa 
we  have  seen,  from  the  gre^  matter  of  the  post-pTramidal  nucleus  in 
which  these  fibres  end.t  But  this  primary  co-ordination  is  not  a. 
function  of  the  cord,  although  it  may  be  lost  in  consequence  of 
disease  of  the  cord.  The  direct  cerebellar  tract  may  constitute  a 
similar  path,  but  of  this  we  have  only  the  evidence  of  destination  and 
analogy. 

It  is  probable  that  the  mechanisms  just  alluded  to,  as  constituted 
by  the  functional  relations  between  the  motor  and  sensoiy  structures 
in  the  cord,  very  much  fieu^ilitate  the  execution  of  many  movements, 
and  especially  of  those  that  are  the  more  simple  in  their  character. 
The  less  variation  a  movement  is  capable  of,  or  needs,  the  more  largely 
may  the  spinal  mechanism  be  concerned  in  its  arrangement;  and  hence 
sudi  actions  as  standing  and  walking  may  be  effected  through  a 
comparatively  small  number  of  the  pyramidal  fibres,  and,  as  we  shaJl 
see,  they  may  still  be  performed  when  there  is  disease  that  would 
prevent  a  more  elaborate  action.  It  is  also  probable  that  in  animals 
such  spinal  mechanisms  are  developed  to  a  greater  extent  than  in 
man,  and  care  must  be  taken  in  drawing  inferences  from  one  to  the 
other. 

The  impulses  from  the  muscles  that  determine  the  muscle-reflex 
action  and  the  spinal  co-ordination,  must  pass  by  nerves  that  end  in 
the  grey  matter  and  come  into  relation  with  nerve-cells,  at  or  near  the 
level  at  which  they  enter  the  cord.  We  do  not  know  whether  it  is 
through  these  fibres,  or  through  those  that  pass  upwards  without 
interruption,  that  the  impulses  are  conveyed  which,  when  excessive  in 
degree,  give  rise  to  muscular  sensations.  But  attention  may  again  be 
called  to  the  important  evidence,  afforded  by  such  sensations,  of  the 
abundance  of  upward  impulses  of  which  we  are  normally  imconscious. 
These  nerves,  it  will  be  remembered,  begin  in  the  connective  tissue 
of  the  muscles,  and  probably  also  in  the  muscle-spindles,  and  the  acute 
pain  of  cramp,  and  the  muscular  tenderness  in  such  affections  as 
multiple  neuritis,  afford  indirect  evidence  of  impulses  which  we  do  not 
usuallj  observe,  and  might  almost  doubt ;  while  the  manner  in  which 
such  pain  is  excited  is  very  clear  evidence  of  the  sensitiveness  of  the 
nerves  to  the  modes  of  stimulation  that  have  been  assumed  as  effective. 
We  have  already  seen  (p.  17)  that  it  is  through  such  unfelt  impulses 
that  we  probably  deiiye  the  chief  part  of  our  conceptions  of  posture,  a 
subject  that  must  again  be  considered  in  connection  with  the  brain. 

IsrixxTZNCB  OK  NuTBiTiON. — The  nutrition  of  the  muscles  is  under 

*  This  has  been  experiuientaUy  confirmed  by  Bechterew,  who  finds  that  paction 
af  the  poeterkir  columns,  in  varioas  animalA«  above  the  Imnbar  enlargement  cantos 
«  defect  of  oe-ordination  similar  to  that  produced  bj  loss  of  the  otrebellnin  (Beehte* 
TOW, '  Wjestnik  psich.  i.  neviopaW  1B89«  v'ti,  1 ;  «nd  '  Neur.  Gentralbl./ 1890,  p.  82,) 

t  ▲  coanoction  since  confirmed  by  Brosset, '  Des  Connexions  du  Gervelety'  Paria. 
1891. 
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the  oontral  of  tba  anterior  gro7  matter,  and  probaUy  of  ibe  motor 
lurTe-cellB.  The  influanoe  ia  exerted  through  the  motor  nerves,  and 
indeed  consists  in.  the  normal  integrity  of  the  fibres  (see  p.  29). 

The  nutrition  of  the  hmeM  ajiil  joints  is  also  under  the  control  of  the 
€Oid,  and  probably  is  exerted  through  the  posterior  roots.  It  is  true 
the  growth  of  the  bones  is  hindered  when  the  anterior  comua  are 
diseased,  but  no  atrophic  change  seems  then  to  occur  in  the  osseous 
structure,  and  the  influence  of  the  paralysis  may  be  indirect.  A  true 
trophic  change,  and  an  alteration  in  the  joints,  may  occur  in  locomotor 
Ataxj,  in  which  the  disease  is  of  the  posterior  nerve-flbres. 

The  nutrition  of  the  $kin  seems  also  to  depend  on  nerves  that  have 
their  course  in  the  posterior  roots.  The  clearest  fact  is  that  irritation 
«f  the  nerve-structures  has  far  more  effect  than  simple  loss  of  function. 
It  is  when  the  cord  or  nerve-roots  are  the  seat  of  irritative  inflame 
mation  that  the  most  acute  trophic  changes  occur,  while  mere  degene- 
ration of  these  nerves  induces  slower  and  slighter  changes  (see  p.  28). 

In  a  dog  in  which  the  spinal  cord  below  the  cervical  region  was 
removed  piecemeal,  trophic  changes  in  the  skin  followed  the  section, 
but  not  the  subsequent  removal  It  is  hence  doubtful  whether 
trophic  fibres  actually  take  origin  (i.  e.  have  "  centres  ")  in  the  cord ; 
in  all  cases  it  is  difficult  to  exclude  the  effects  of  the  fall  of  blood- 
pressure.* 

YiscERJLL  CoNTBoi.. — ^Although  the  viscera  are  under  the  immediate 
control  of  the  sympathetic  system  of  nerves,  they  are  related  to  centres 
in  the  spinal  cord,  and  it  is  from  these  centres  that  the  controlling 
influence  is  really  derived,  probably  by  means  of  the  finer  fibres  of 
the  anterior  roots.  The  relation  is  the  most  direct  and  important, 
so  far  as  concerns  the  diseases  of  the  spinal  cord,  in  the  case  of 
the  organs  over  which  the  will  has  an  influence,  the  rectum  and  the 
hfadder.  The  centres  for  these  are  in  the  lumbar  enlargement,  but  we 
do  not  know  their  exact  position.  They  are  probably  complex  reflex 
centres.  We  can  best  understand  their  action  by  studying  them  when 
Yolimtary  influence  is  lost. 

The  centre  for  the  sphincter  ani  is  the  more  simple,  but  the  system 
of  action  of  each  is  probably  similar.  In  the  wall  of  each  viscus  we  have 
muscular  fibres  to  expel  l^e  contents,  and  at  the  mouth  a  sphincter 
arrangement  to  prevent  continuous  evacuation.  Faeces  or  air  in  the 
rectum,  and  urine  in  the  bladder,  may  excite  the  lumbar  centre, 
and  cause  two  effects — contraction  in  the  wall  and  relaxation  of  the 
sphincter.  This  process  can  be  controlled  by  the  will  to  a  consider- 
able extent,  although  wo  are  stiU  ignorant  of  the  precise  mode  in  which 
the  voluntary  influence  is  exerted.  But  if  the  volitional  path  in  the 
cord  is  interrupted  above  the  lumbar  centres,  the  will  can  no  longer 
control  the  reflex  processes ;  as  soon  as  fsBces  irritate  the  rectum  they 
are  expelled  by  the  reflex  mechanism ;  as  soon  as  a  sufficient  quantity 
of  urine  accumulates  in  the  bladder  a  reflex  contraction  of  the  detrusor 

•  Qolta  and  Ewald,  '  Arch.  f.  d.  geaammt.  Pbyaiol./  1896. 
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and  relaxation  of  tlie  sphincter  cause  its  escape.  The  affection  of  the 
voluntary  path  for  the  sphincter  is  not  always  proportioned  to  that 
for  the  legs.  If  the  damage  to  the  cord  inyolres  also  the  sensory  tract, 
the  patient  is  unconscious  of  the  action  of  the  bladder  or  bowel.  If 
the  sensory  tract  is  unaffected,  the  patient  is  aware  of  the  process,  but 
cannot  control  it.  It  is  often  said  that  there  is  permanent  relaxation 
of  the  sphincters,  but  this  is  true  only  when  the  lumbar  centres  are 
iuactiye  or  destroyed.  In  this  condition  evacuation  occurs  as  soon 
as  faeces  or  urine  enter  the  bowel  or  rectum.  The  urine  escapes 
continuously,  instead  of  being  expelled  at  intervals.  The  condition  is 
less  obvious  in  the  case  of  the  rectum,  because  there  is  no  such  con- 
tinuous passage  of  f  seces  intok  the  rectum  as  there  is  of  urine  into  the 
bladder.  We  may,  however,  distinguish  between  the  two  states  of  the 
rectum  by  the  introduction  of  the  finger.  If  the  lumbar  centre  is 
inactive,  there  is  a  momentary  contraction,  due  to  local  stimulation  of 
the  sphincter,  and  then  permanent  relaxation.  If,  however,  the  reflex 
centre  and  motor  nerves  from  it  are  intact,  the  introduction  of  the 
fingei  is  followed,  first  by  relaxation,  and  then  by  gentle,  firm,  tonio 
contraction.      I  have  verified  this  by  introducing  an  india-rubber 


II  !■  2  g 


FlO.  83.~T&ACING8  OW  THl  AOTIOV  OV  THB  SpHINCTBB  ANI. 

The  vertical  lines  represent  seoonds  of  time. 
1.  Effect  on  contraction  of  sphincter  of  the  ii^eotion  into  the  rectum  of  a  small 
qutntity  of  air  at  *.  a,  fall  in  pressure  due  to  the  inhibition  of  the  contrac- 
tion ;  h,  r\*e  due  to  the  slowly  retumins:  contraction.  2.  Effect  of  the  intro- 
daction  of  the  inRtmment.  a,  pudden  rise  of  lever  at  moment  of  introduction, 
due  to  the  expo^nre  of  the  instrument  to  the  pressure  of  the  sphincter  (the  top 
of  this  line  represents  the  deforce  of  previons  contraction);  &, initial  rise  due  to 
increased  contraction;  e,  fall  from  partial  inhibition;  d,  labsequent  contrac- 
tion, rising  to  a  greater  degree  than  the  initial  contraction,  and  subsequently 
falling  8li<;htly.  8.  Effect  of  cough,  a,  pressure  of  tonic  contract lun  of 
sphincter  (the  slight  irregulnritiea  are  dne  to  pulse-wavet) ;  b,  fall  in  pressure^ 
due  to  the  movement  of  the  instrument  by  the  cough ;  0,  initial  contraction; 
<2, relaxation  of  inhibited  sphincter;  «,  0, 0,  rhythmical  variations  in  anbaequent 
rise.     (From  tlie  *  Proc.  Royal  Society,*  1877.) 


cylinder  instead  of  the  finger,  and  registering  the  pressure  on  the 
cylinder  by  connecting  it  with  a  recording  apparatus.  The  relaxation 
is  then  found  to  be  preceded  by  a  very  slight  brief  contraction,  and 
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to  be  followed  by  unbroken  tonio  contraction.  TKe  relaxation  may 
also  be  readily  produced  by  any  impression  on  the  mucous  membrane 
above  the  sphincter.    Fig.  85  shows  some  of  the  tracings  obtained. 

The  action  of  the  bladder  mechanism  can  be  best  understood  by 
iiagnTniTig  that  the  motor  centre  really  consists  of  two  parts,  one  (ms, 
Pig.  86)  Tn«.iTif.iLiTiiTig  the  contraction  of  the  sphincter,  the  other  (md) 
exciting  the  contraction  of  the  detrusor  fibres,  and  that  these  twg 
parts  are  antagonistic ;  when  one  acts  the  other  is  inhibited.  Thus, 
in  normal  rest,  the  sphincter  centre  is 
active,  the  detrusor  at  rest. 

Apparently,  the  process  of  micturition 
is  effected  by  the  automatic  contraction 
of  the  wall,  when  the  sphincter  is  re- 
laxed. The  sphincter  is  certainly  under 
the  influence  of  the  will,  which  is  able 
to  TniLiTifAiTi  and  increase  its  contraction, 
but  it  is  doubtful  whether  the  mere  ces- 
sation of  the  voluntary  influence  is  alone 
the  cause  of  its  relaxation.  The  elements 
of  the  process  can  be  best  discerned  when 
it  is  weakened  by  slight  disease.  It  is 
then  dear  that,  in  addition  to  the  cessa- 
tion of  voluntary  contraction,  the  relaxa- 
tion is  due  to  the  sensory  impulses  from 
the  mucous  membrane  at  the  neck  of  the 
bladder,  but  these  do  not  seem  to  in- 
hibit the  spinal  centre  directly.  This 
only  becomes  inactive  when  the  afferent 
impulses  act  on  the  sensory  centres  in  the 
brain,  and  it  may  be  essential  for  the 
influence  on  these  centres  to  be  increased 
by  the  lowering  of  resistance  involved  in 
conscious  "attention."  If  the  sensation 
is  not  attended  to  no  relaxation  may 
occur.  The  effect  may  be,  indeed,  due 
to  an  automatic  cerebnd  influence,  main- 
taining the  action  of  the  spinal  centre, 
which  is  only  "taken  off"  when  the 
sensory  impression  causes  its  full  effect 
on  the  cerebral  processes.  The  elements 
of  the  mechanism  are  scarcely  to  be  discerned  in  health,  but  may 
under  exceptional  conditions  be  clearly  perceived. 

Although  no  other*  part  of  the  alimentary  canal  is  under  voluntary 
influence,  all  parts  are  probably  related  to  the  spinal  cord,  by  means 
of  the  connection  between  the  sympathetic  system  and  the  nerve- 
roots.  Constipation  is  extremely  common  in  disease  of  the  spinal 
cord,  and  is  often  greater  than  can  be  accounted  for  by  the  mere 
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XT,  motbr  tract;  9T,  nensory 
trat  t  ill  the  spiniil  cord ;  MS, 
centre,  nnd  Mr,  motor  nerve 
for  spliinctcr;  MD,  centre, 
and  md,  motor  nenre  tor  de- 
trusor j  «,  aflVreiit  nerve  from 
mucous  membrHne  to  8,  sen- 
sory portion  of  centre;  B, 
bladder.  At  r  the  condition 
during  rest  is  indicated,  the 
sphincter  centre  in  action, 
the  detrusor  centre  not  act- 
in?.  At  a  the  condition 
during  action  is  indicHtcMi, 
the  sphiiictercentre  inliibited, 
the  detrusor  centre  acting. 
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loss  of  power  of  the  abdominal  tframdieB.  The  pain  k  tlie  liack  HbtA 
is  80  common  in  disease  of  tiie  stomach  has  been  regarded  as  a 
reflected  pain,  due  to  this  connection. 

The  uterine  functions  are  probablj  indepeiddent  of  the  oord  in 
greater  degree  than  those  of  any  other  organs  under  the  influ^oe  of 
the  STmpathetic.  The  function  of  menstruation  goes  on  independently 
of  oord  disease,  and  may  be  regular  although  there  is  absolute  arrest 
of  all  conduction,  sensory  and  motor.  Pregnancy  and  labour  may 
proceed  in  normal  course,  in  spite  (^  such  disease  of  the  oord  as  causes 
complete  motor  paraplegia. 

Sexual  Funetiona. — ^The  activity  of  the  sexual  organs  depends  on 
the  integrity  of  the  reflex  loop  to  and  from  a  speoial  centre,  also 
situated  in  the  lumbar  enlargement,  but  the  due  action  of  this  centre 
depends  on  cerebral  (psychical)  as  well  as  on  reflex  influences.  Dis- 
ease of  the  centre,  or  of  the  nerves  leading  to  or  from  it,  abolishes 
sexual  action.  The  sexual  reflex  is,  however,  one  of  the  cutaneous 
reflexes,  and  it  shares  the  condition  of  these  rather  than  of  the  muscle- 
reflex  processes.  It  has  been  stated  that  in  tabes  loss  of  sexual  power 
is  associated  with  loss  of  tactile  sensibility  of  the  glans  penis.* 

The  centre  is  probably  double,  and  its  action  is  impaired  by  inter- 
ference with  either  half.  When,  by  disease  higher  up,  the  connection 
with  the  psychical  centres  is  interrupted,  the  sexual  act  cannot  be 
perfectly  performed.  If  the  path  from  the  controlling  centre  (p.  20) 
is  unimpaired,  the  reflex  sexual  processes  are  not  in  excess,  and  may 
even  be  diminished  ;  but  if  the  path  from  this  controlling  centre  is  also 
interrupted,  the  reflex  sexual  processes  are  in  excess  like  the  other 
superficial  reflexes,  and  priapism  results.  If  the  reflex  centre,  or 
connecting  paths,  are  partially  diseased,  the  sexual  process  may  be 
impaired  and  imperfect,  but  not  abolished. 

Vdeo-moior  Ceutres,- -The  sympathetic  nerves  to  the  vessels  are 
influenced  from  the  spinal  cord.  It  is  probable  that  the  path  is  by 
the  fine  fibres  of  the  anterior  roots,  and  that  most  of  the  constrictor 
fibres  leave  the  cord  between  the  third  dorsal  and  tlie  second  lumbar, 
while  the  dilator  fibres  are  more  widely  scattered,  many  arising  in  the 
upper  dorsal  region,  while  others  leave  the  cord  in  its  lumbar  and 
sacral  portions  ("pelvic  outflow").  Some  facts  of  disease  suggest 
that  the  subsidiary  vaso-motor  centres  are  situated  in  the  intermediate 
grey  matter;  and  this  conclusion  is  supported  by  the  important 
researches  of  Gaskell,  which  refer  the  function  to  the  small  cells  of  the 
intermedio-lateral  tract,  which  he  traces  upwards  to  the  vaso-motor 
centre  in  the  medulla.  The  action  of  the  vaso-motor  nerves  may  be 
deranged  by  disease  of  the  cord.  It  is  probable  that  such  a  relation 
exists  between  all  parts  of  the  vaso-motor  system  of  nerves  and  the 
cord,  and  that  the  relation  obtains  between  each  segment  of  the  cord 
and  the  vascular  nerves  to  the  corresponding  part  of  the  trunk  and 
limbs.  This  derangement  in  disease  may  take  a  part  in  the  production 
•  See  Brown,  *  Lancet,'  1898. 
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of  the  changes  in  nntrition,  but  it  is  prohablj  not  the  sole  mebhanism 
by  which  these  changes  are  produced. 

There  is  a  special  connection  between  the  sympathetic  and  the 
cervical  region  of  the  spinal  cord.  This  region  contains  the  path  to 
the  Tisceral  nerves  that  control  the  si^^-forming  functions  of  the 
liver.  The  lower  part  of  the  cervical  enlargement  contains  also  an 
important  centre  which  controls  the  sympathetic  nerves  for  the  vessels 
of  the  head  and  face.  The  path  of  central  influence  for  the  radiating 
fibres  of  the  iris  passes  also  from  the  region  of  the  third  nerve  nucleus, 
down  the  cervical  cord,  by  the  lowest  cervical  or  first  dorsal  nerve,  to 
the  sympathetic^  and  then  ascends  the  cervical  trunk,  and  passes  along 
the  fibres  which  accompany  the  internal  carotid  artery  to  the  nasal 
division  of  the  fifth  cranial  nerve.  In  this  the  fibres  run  for  some 
little  distance,  tdtimately  reaching  the  dilator  muscle  as  the  long 
dliaiy  nerves.  Fibres  also  pass  from  the  cervical  cord  to  the  sym- 
pathetic, through  which  the  action  of  the  heart  is  accelerated. 

MimTiJ:.  &BLATIOK  OV  THB  FtTKCTIOVS  09  TBB  SpINAL  CoBD. — It 

may  be  weU  to  present,  in  the  form  of  a  table  (p.  252),  the  relation  of 
the  motor  and  reflex  functions  of  the  cord,  as  far  as  our  knowledge  of 
these  relations  extends.  Many  points  are  still  uncertain.  The  sensory 
ffelations  wHl  be  sufficiently  obvious  from  the  figures.  The  table  does 
not  need  any  detailed  explanation.  It  is  merely  a  comparative  collection 
«f  the  facts  that  have  been  stated  in  the  preceding  pages.  We  shall 
find  the  value  of  this  collocation  of  functions  when  we  consider  the 
efieots  of  transverse  lesions  of  the  cord  at  different  levels. 
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Figs.  87  >iii<)  88. — Dr.  IKmu y  H<>kI  has  been  kind  enoagb  to  permit  the  use  of  thtM, 
res«^>irclio8,  mjiiiily  on  rH8«>8  o^  herpes  zoster  and  of  localised  spinal  cord  lesioni.  It 
majority  are   approxiinaU'ly  so,  and,  in  any  case,  they  will  serve  M  a  aubstantUl 
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riicy  wtre  deTlfed  bj  bim,  and  the  tensory  areM  are  marked  onl  w  a  result  of  hli 
It  not  claimed  that  all  the  areaa  are  abeolutt^  eonreel.  U  it  beliered  that  tk* 
basis  for  fntaie  vaeearch. 
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Table  showing  approximaie  relaium  to  the  spinal  norvu  (jf  (he  motor  mid  refim 
functions  of  the  spinal  eord.  The  sensory  areoM  ar§  indicated  with  enfficieni 
deam/ees  wr  Figs.  87  omd  88. 
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arupTows  of  Bra  ass  of  tsf  bfiwal  coMDi  nn>iOATioss 

or  TSS  8BAT  OF  THIS  ZXSIONi  ANATOMIOAL  BIAQNOSIS. 

The  Bjmptoiiui  of  difeaae  of  the  spinal  oord  ooiudst  in  derangement 
of  its  fBrionB  fnnotiona ;  the  lota  of  some,  the  exaltation  and  perver- 
sion of  others.  We  liaye  already  considered  these  functions,  and  the 
parts  of  the  cord  by  which  they  are  subserred.  We  may  now  briefly 
consider  the  general  character  of  their  derangement,  and  its  signifi- 
cance in  regard  to  the  position  of  the  disease.  The  combination  of 
symptoms  indicates  the  seat  of  the  lesion ;  we  infer  its  nature  from 
their  mode  of  development,  and  other  considerations,  which  will  be 
subsequently  discussed.  It  is  always  important  to  keep  these  two 
elements  of  the  diagnosis  distinct  in  the  mind. 

A  oommon  feature  of  the  symptoms  of  disease  of  the  spinal  cord  is 
ihair  bilateral  character.  This  depends  on  two  causes,  of  which, 
however,  only  the  first  is  peculiar  to  the  cord,  and  can  be  regarded  as 
the  speeial  cause  of  this  feature  of  its  diseases.  The  structures  in 
eaeh  half  of  the  spinal  cord  are  in  such  close  proximity,  that  ai^ 
random  process,  such  as  hsemorrhage  or  inflammation  or  pressure, 
readily  afiects  both  halves— can,  indeed,  hardly  fail  to  do  so  in  some 
degree,  and  usually  to  such  an  extent  as  to  cause  the  bilateral  eha- 
xacter  of  the  symptoms  to  he  obtrusive.  Secondly,  morbid  processes 
that  commence  in  the  nerve-elements  and  affect  them  according  to 
their  function  ("  system  diseases  ")  usually  involve  the  corresponding 
structures  of  the  two  sides,  and  the  spinal  cord  contains  nuiny  stru&* 
tures  that  are  liable  to  such  processes.  Hence  a  large  proportion  of 
the  diseases  of  the  spinal  cord  involve  both  sides  and  cause  symptoms 
that  have  a  corresponding  range  The  leading  fact  that  results  from 
thisis,  that  the  dhamcteristic  type  of  palsy  is  "paraplegia."  The  word 
means  literally  paralysis  of  tiie  parts  beneath  or  beyond  a  certain 
locality,  and  involves  the  distinction  of  a  motionless  part  of  the  frame, 
which  no  doubt  arose  from  the  variable  extent  of  this,  in  comparison 
with  the  uniformity  of  the  region  affected  in  "hemiplegia."  But 
the  second  condition  causing  the  bilateral  character  of  the  symptoms 
is  shared  equally  vrith  those  outiying  parts  of  the  spinal  cord — ^the 
peripheral  nerves ;  and  as  this  condition  obviously  determines  a  stricter 
symmetry  than  does  the  first,  it  follows  that  this  character  is  not, 
alone,  of  much  significance,  and  is  indeed  least  significant  when  most 
complete.  In  the  affections  that  are  strictly  symmetrical,  therefore, 
other  features  must  also  be  taken  into  account. 

Another  character  of  spinal  symptoms,  not  shared  by  those  of  the 
nerves,  consists  in  their  variation  in  vertical  extent  a<cording  to  the 
position  or  extent  of  the  lesion.  But  we  must  distinguish  two  classes 
of  symptoms  within  the  region  in  which  they  exist.  (1)  Those  which 
depend  on  the  interruption  of  the  conducting  path  to  or  from  the  brain, 
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and  inyolre  the  whole  region  below  the  disease.  (2)  Those  which 
depend  on  damage  to  the  central  structures  in  the  cord  and  nerve- 
roots,  which  are  present  only  at  the  leyel  of  that  damage,  t.  e.  in  the 
parts  functionally  related  to  that  part  of  the  cord.  The  two  seta  of 
symptoms  may  be  distinguished  as  "  conducting ''  and  *'  central ; "  but 
in  many  diseases  those  at  the  level  of  the  lesion  are  chiefly  due  to  the 
irritation  of  the  nerve-roots,  and  these  are  most  usefully  designated 
"  root  symptoms." 

Disease  of  the  cord  does  not  always  cause  bilateral  symptoms. 
A  little  consideration  will  show  that  this  must  be  so.  A  random 
process,  of  small  extent,  may  damage  one  side  only.  It  may  affect 
one  or  several  structures  on  one  side  or  all  of  them.  Nevertheless  it 
is  very  rare  for  such  a  process  to  spare  the  other  side  altogether,  and 
practically  no  lesion  affects  all  parts  of  one  side  without  damaging,  in 
some  degree,  the  other  side,  at  any  rate  for  a  time.  In  very  nxe 
forms  of  traumatic  lesion,  however,  the  damage  to  the  other  side  is 
almost  imperceptible.  Again,  "  system  diseases,"  in  quite  exceptional 
cases  and  for  unknown  reasons,  are  limited  to  one  side ;  much  more 
frequently  they  may  affect  one  side  earlier  and  more  than  the  other. 
Sudi  unilateral  symptoms  indicate  a  oondition  awkwardly  termed 
"  hemi-paraplegia." 

MoTOB  STMPTOif 8. — L08S  of  motor  power  results  from  interference 
with  the  motor  path  in  any  part  of  its  intra-spinal  course, — pyramidal 
tracts,  anterior  grey  matter,  anterior  nerve-roots.  We  have  seen  that 
the  path  may  be  divided  into  two  s^ments,  upper  and  lower  (see 
p.  218).  The  spinal  cord  contains  a  considerable  portion  of  the  nerve- 
fibres  of  the  upper  segment,  and  their  lower  termination  in  the  grey 
matter,  but  only  the  commencement  of  the  lower  segment,  the  motor 
ganglion-cells,  and  root-fibres  proceeding  from  them.  The  chief  part 
of  the  lower  segment  is  outside  the  spine,  in  the  nerve-trunks.  So  far 
as  the  loss  of  power  is  concerned  the  effect  is  the  same,  in  whatever 
part  of  the  motor  path  the  interruption  is  situated;  but  the  other 
symptouLs  that  accompany  the  loss  of  power  differ  vexy  much  accord- 
ing as  the  interruption  is  in  the  upper  or  lower  segment.  The  lower 
segment  influences  muscular  nutrition,  and  forms  part  of  the  path  of 
reflex  action.  Hence,  as  we  shall  presently  see,  the  muscles  waste,  and 
reflex  action  is  lost,  when  this  is  diseased;  but  when  the  upper 
segment  is  damaged  there  is  no  muscular  wasting,  and  reflex  action, 
instead  of  being  lost,  is  commonly  increased.  The  iympioms  piodticed 
by  diiecue  of  either  negment  are  esserUiaXly  the  eame^  whatever  part  of 
the  segment  is  diaeasedt  whether  the  cell  aJt  the  upper  extremity,  the 
fibre,  or  the  ramification  at  the  lower  extremity  of  the  fibre.  If,  for 
instance,  the  intra-muscular  nerve-endings  are  paralysed  by  curara  the 
symptoms  produced  are  the  same  as  if  the  motor  fibres  in  the  nerve- 
trunks  are  divided  or  their  cells  in  the  cord  are  destroyed.  Disease  of  the 
termination  of  the  upper  segment  in  the  grej  matter  of  the  cord  must, 
of  necessity,  produce  the  same  effect  as  disease  of  the  pyramidal 


8YMPT0MS.  255 

fibre  itself »  or  the  oell  in  the  oerebral  cortex  from  which  the  fibre 
springs.  We  shall  afterwards  see  that  this  consideration  has  rery  im- 
portant applications. 

If  a  fibre  of  either  segment  is  serionslj  damaged,  it  degenerates  below 
the  diyision,  since  its  nutrition  depends  on  the  influence  of  the  cell 
from  which  it  has  sprang.  If  damaged  onlj  hj  pressure,  however 
complete  may  be  the  evidence  of  degeneration,  regeneration  is  possible, 
even  after  one  or  two  years.  It  is  possible  that  such  regeneration  also 
occurs  when  the  damage  is  by  inflammation.  The  nutritional  stabilily 
of  the  fibre,  or  rather  of  its  essential  element,  the  axis-cyUnder, 
becomes  less,  and  more  easily  deranged*  the  greater  the  distance  from 
the  parent  cell,  and  it  is  least  in  the  terminal  ramification  of  each 
segment.  This  is  probably  the  reason  why  curara  acts  chiefly  on  the 
intra-muscular  nerves,  and  it  explains  the  influence  of  many  poisons 
on  the  peripheral  nerve-endings,  and  the  facts  of  nerve-degeneration 
in  tabes  and  multiple  neuritis,  Ao.  The  law  is  probably  also  true 
of  the  upper  segment;  and  if  so,  many  facts  of  pathology  become 
dearer  to  us,  as  will  he  seen  in  the  chapter  on  spastic  paraplegia.  It 
may  thus  be  taken  as  a  general  law  of  the  utmost  importance  that  the 
vitalUy  of  (he  processes  of  a  neuron  and  iheir  power  of  reeisHng  morbid 
influeneee  diminish  in  proportion  to  (heir  dietanee  from  the  eeU  body  of 
whieh  ihey  are  reaUy  part. 

A  lesion  of  the  pyramidal  tract  causes  loss  of  power  in  all  parts 
below  the  level  of  the  disease — ^that  is  to  say,  of  all  parts  the  fibres  for 
which  are  interrupted.  A  lesion  of  the  grey  matter,  or  of  the  anterior 
roots,  causes  paralysis  only  of  those  parts  which  are  functionally  on 
the  level  of  the  lesion.  The  two  mechanisms  often  coincide.  A 
transverse  lesion  in  the  cervical  enlargement,  for  instance,  may  cause 
paralysis  of  the  arms  from  the  damage  to  the  grey  matter  and  nerve- 
roots,  and  paralysis  of  the  legs  from  damage  to  Oie  pyramidal  fibres. 
The  disease  involves,  primarily  in  the  former  case,  the  commencement 
of  the  second  segment  of  the  motor  path  for  the  arms ;  in  the  latter, 
the  middle  of  the  xrpper  segment.  The  associations  of  the  paralysis 
differ  accordingly.  The  parts  affected  by  a  lesion  at  any  level  will  be 
readily  ascertained  by  an  examination  of  the  table  of  functions  on 
p.  262. 

It  is  important  to  note  that  the  affection  of  motor  power  is  often 
incomplete.  It  may  then  involve  one  set  of  muscles  more  than 
another.  The  flexors  or  the  extensors  may  be  chiefly  pai-alysed.  In 
disease  of  the  dorsal  cord,  it  is  very  common  for  the  flexor  muscles 
of  the  hip  and  knee  to  suffer  more  than  the  extensors.  Why  this 
should  be  we  do  not  know,  but  the  fact  is  important,  because  con- 
siderable weakness  of  the  flexors  of  the  knee  is  readily  overlooked. 
In  examining  motor  power  each  set  of  muscles  should  be  separately 
tested. 

Motor  ovsT'Oetion ;  Spasm  is  frequent  in  disease  of  the  spinal  cord 
and  its  membranes.    It  may  present  the  form  of  tome  spasm,  which 
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wlien  persistant  is'teczndcl  rigidttys  inr  of  dcmc  spasm,  which  is  Tisiial^ 
tnuMient  asid  parojysxnaL  Tonic  apaaia,  poniiste&t,  and  ixivolvijig 
only  a  certain  group  of  muscles,  causes  distortioii  of  the  pttrts  to 
which  ihej  ase  attached,  and  is  often  tenned  coniraekMre.^  Tonic 
spasm,  paroxysmal  or  persistent,  is  far  move  frequent  than  clonic 
spasm,  which  occurs  chiefly  in  association  with  tonic  spasm  as  the 
muscular  donus  described  at  p.  22,  or  ae  a  consequence  of  certain 
functional  derangements.  Tonic  spasm  may  be  the  result  of  direct 
irritation  of  the  motor  structures,  or  may  depend  on  orer-action  of 
the  reflex  centres,  due  not  to  irritation,  but  to  deficient  control. 
Either  form  may  be  acute  or  chronic.  The  acute  irritation  which 
causes  spasm  is  generally  inflammation  of  the  m^nbranes,  rarely  an 
acute  lesion  of  the  substance  of  the  cord.  The  chronic  irritation  is 
chiefly  due  to  compression  of  the  motor  fibres— either  of  the  pyramidal 
tracts,  when  there  may  be  persistent  unvarying  spasms  in  the  parts 
below  the  disease,  rekted  to  the  fibres  irritated,— or  of  the  nenre- 
xoots,  when  similar  spasm  is  produced  in  the  parts  at  the  lerel  of  the 
lesion.  The  spasm  that  depends  on  reflex  action  is  seen  chiefly  in  the 
1^;8  and  trunk,  but  especially  in  the  former.  It  may  prepondexare 
in  either  the  flexors  or  ^ctensors,  so  that  the  l^s,  when  rigid,  may  be 
drawn  up  or  straight  out.  The  flexor  i^asm  seems  to  be  due  to  an 
over-action  of  the  centres  for  cutaneous  reflex  action,  the  extensor 
spasm  chiefly  to  that  oi  the  centres  for  muscle-reflex  action,  although 
it  may  also  be  excited  indirectly  by  a  cutaneous  impression.  This  form 
will  be  considered  in  connection  with  the  reflex  over-action. 

Muiculair  OoniraeUon* — ^The  actual  shortening  of  muscles,  by  which 
they  cannot  be  passively  extended  to  their  normal  length,  is  due  to 
tissue  changes  fixing  the  active  persistent  tonic  i^>asm  or  contracture 
just  mentioned.  The  rapidity  with  which  it  occurs  depends  on  the 
uniformity  of  the  spasm,  and  we  may  distinguish  three  modes  ui 
which  it  arises,  which  differ  in  the  time  required  and  d^ree  attained. 
(1)  When  one  set  of  muscles  is  paralysed,  their  opponents,  never 
being  extended,  quickly  become  fixed  in  the  contracted  condition 
which  they  auume  in  virtue  of  their  power  of  adaptation  to  posture. 
Thus  in  palsy  of  the  flexors  of  the  ankle,  the  calf  muscles  quickly 
become  contracted,  so  that  the  foot  cannot  be  flexed  on  the  leg  even 
up  to  a  right  angle.  The  same  thing  happens  by  a  similar  mechanism, 
when  one  posture  is  unceasingly  maintained  and  (me  set  of  muscles  is 
never  ext^ded,  e.  g.  persistent  flexion  of  the  knee  leads  quickly  to 
structural  shortening  of  the  hamstring  muscles.  (2)  Where  there  is 
unchanging  active  contracture  from  chronic  irritation  of  the  motor 
fibres  by  a  growth,  or  permanent  reflex  contracture,  as  when  reflex 
flexor  spasm  keeps  the  hip  and  knee  permanently  flexed,  similar 
structural  changes  occur,  so  that  passive  elongation  soon  becomes 

*  The  rereneof  this  coDditioii«lo8tof  muscular  tone  permitting  unusual  freedom 
of  paeiWe  inov«iiiSiit»  k  desoribcd  in  tabss  nnder  the  nauie  of  kjfpoUmiB  mmscMlair* 
(Amikel). 


nruv^ous.  257 

impnrtMei  (8)  In  pazo^nnal  tcmio  spagnt  of  intiezm  d^gree^  if  one 
m^  of  mnioIeB  is  itrcmger  thazi  their  opponents,  their  action  maj  so 
preponderate  as  to  lead  to  a  greater  actiye  contracture  than  their 
opponents  present,  and  permanent  shortening  may  ocenr ;  although  it 
does  00  slowlj  and  to  a  slighter  degree  than  in  the  other  forms 
beeattse  the  nrascolar  action  is  more  or  less  paroxysmal  and  Taiying, 
and  the  muscles  are  at  times  attended  bj  their  opponents.  Thus  in 
parozTsmal  extensor  spasm  in  the  legs,  no  shortening  occurs  in  the 
mnsdes  moving  the  knee,  because  thej  are  equaUj  balanced,  but  the 
calf  muscles,  being  stronger  than  the  flexors  of  the  ankle,  contract  the 
more,  and  extend  this  joint,  whenerer  a  paroxysm  of  spasm  comes  on, 
and,  after  a  time,  maj  undergo  slight  structural  shortening,  so  that 
the  foot  cannot  be  flexed  on  the  leg  beyond  a  right  angle. 

It  is  of  great  importance  to  distinguish  the  shortening  of  muscles 
due  to  tissue  changes  in  them,  from  the  actiye  contracture  that  may 
dloselj  simulate  it.  In  the  latter,  gentle  extension,  kept  up  for  a  few 
minutes,  restores  the  muscle  to  its  normal  length.  The  importance  of 
the  distinction  is  due  to  the  fact  that  the  structural  shortening  can  be 
removed  by  tenotomy  or  forced  extension,  while  these  measures  are 
useless  in  the  case  of  actiye  contracture,  which  would  subsequentlj 
reassert  itself . 

Tremor  is  a  symptom  which  should  be  mentioned,  for  it  is  at  least 
associated  with  disease  of  the  spinal  cord  in  insular  sclerosis  (see  YoL 
n).  It  also  occurs  in  degeneratiTe  diseases,  such  as  parafysis  agitans 
or  general  paralysis,  and  as  the  senile  tremor  of  old  age.  In  these 
conditions  it  probably  depends  upon  changes  in  the  cerebral  cortex.  It 
is  characteristicallj  present  in  toxic  conditions  manifesting  themselTes 
chiefly  in  affections  of  the  peripheral  nerves,  such  as  those  arising  from 
alcohol,  lead,  and  mercurj.  The  spontaneous  twitchings  of  muscular 
filttes  known  as  ''fibrillary  tvdtchings  "  occur  especially  in  association 
with  degenerative  disease  of  the  anterior  comual  cells. 

InethordifuUian  of  movemeni^  although  motor,  dep^ids  usually  on 
disease  of  affisrent  fibres.  Its  characters  have  been  already  described 
in  outline  (p.  10). 

It  ocoum  in  three  forms,  of  which  the  third  differs  entirely  from 
the  others  in  aspect  and  nature,  and  alone  is  a  true  motor  symptcMn. 
The  two  chief  forms  are  the  following: — (1)  Simple  disorder  of 
voluntary  muscular  contractions,  which,  when  considerable,  amounts 
to  a  wild  inegularily  of  movement,  and  when  slight  is  only  manifested 
by  slight  irregularity  when  the  guidance  of  vision  is  withdrawn — as  in 
the  inability  to  nuvintain  the  muscular  contractions  in  the  perfect 
uniformity  needed  for  equilibrium  when  the  base  of  support  is  ren* 
dered  smidl  by  the  juxtaposition  of  the  feet.  The  delicacy  of  the  test 
is  increased  by  the  removal  of  the  firm  base  afforded  by  the  boot,  and 
by  closure  of  the  eyes.  The  increase  in  unsteadiness  when  the  ^es 
are  closed  is  sometimes  termed  ''Bomberg^s  symptom."  This  con- 
dition results  from  interruption.of  the  afferent  path  from  the  muscles 
VOL.  I.  17 
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to  the  spinal  cord,  induding  the  fibres  that  ascend  the  cord  and  those 
that  Bubsenre  the  xnuscle-reflez  process  at  the  level  of  entrance.  The 
effect  of  the  loss  of  the  latter  is  a  cessation  of  the  chief  part  of  spinal 
co-ordination,  which,  as  we  have  seen,  depends  on  those  processes, 
co-operating  with  the  Toluntarj  impulse.  Hence  it  is  associated  with 
loss  of  the  knee-jerk.  The  loss  of  other  forms  of  reflex  action  does 
not  seem  capable  of  causing  inco-ordination.  In  complete  interrup- 
tion of  the  root-fibres  from  the  muscles  the  mechanism  of  the  next 
form  is  necessarily  conjoined.  (2)  Inco-ordination  resembling  the 
slighter  degrees  of  that  just  described,  and  consisting  especially  in 
such  a  defect  of  equilibrium  as  results  from  disease  of  the  middle  lobe 
of  the  cerebellum,  is  produced  by  disease  of  the  posterior  median 
columns  above  the  lumbar  enlargement,  or,  if  it  extends  into  the 
latter,  leaving  the  root-zones  free  so  as  not  to  impair  muscle-reflex 
action.  This  is  apparently  produced  by  interru|>tion  of  the  path  by 
which  impressions  from  the  muscles  are  conveyed  to  the  posterior  nuclei 
of  the  medulla,  and  probably  thence  to  the  cerebellum  (p.  244).  The 
effect  is  to  deprive  the  motor  cortex  of  the  guidance  afforded  by  these 
impulses.  The  difference  between  this  form  and  the  slighter  degrees 
of  the  first  is  that  the  muscle-reflex  action  is  not  lost,  the  knee-jerk 
being  preserved.  They  are  both  spoken  of  as  ataxy  also.  (8)  Irregular 
compression  of  the  motor  fibres  in  the  cord  apparently  causes  the 
peculiar  jerky  inco-ordination  seen  in  disseminated  sclerosis,  which  is 
supposed  to  depend  on  unequal  and  irregular  conduction  along  the  fibres, 
due  to  their  compression.    This  form,  however,  needs  further  study. 

Sbnsoby  Symptoms. — Loss  of  sensation  is  a  very  common  effect  of 
disease  of  the  spinal  cord.  It  may  be  total,  and  involve  all  forms  of 
sensibility,  or  partial,  and  affect  only  some  forms.  The  statements 
made  on  pp.  18 — 19  regarding  impairment  of  sensation  generally,  and 
the  method  of  ascertaining  it,  apply  to  that  which  results  from  cord 
disease,  and  need  not  be  here  repeated.  It  has  been  aJso  pointed  out 
(p.  78)  that  loss  of  sensation  occurs  less  readily  than  loss  of  motor 
power.  In  cord  disease  it  is  common  for  muscular  paralysis  to  exist 
with  intact  sensibility.  This  may  partly  depend  on  the  fact,  ascer- 
tained by  experiments  on  the  effect  of  local  ansemia  of  the  cord,  that 
the  sensory  fibres,  of  the  nerve-roots  at  least,  seem  to  have  more 
resisting  power  than  the  motor  fibres.  Sensation  may  be  impaired  by 
disease  of  any  part  of  the  sensory  path — ^posterior  roots,  probably 
also  the  posterior  comua  and  commissure,  or  the  conducting  tracts  up 
the  cord.  A  division  of  the  sensory  path  into  upper  and  lower  seg- 
ments is  conceivable,  analogous  to  that  of  the  motor  path,  although 
we  have  not  the  same  clear  ground  for  the  distinction  into  simple 
segments  of  similar  composition.  Histological  researches  show  that 
most  of  the  centripetal  neurons  have  short  axis-cylinders,  and  suggest 
that  upward  conduction  is  subserved  by  a  number  of  relays. 

Disease  of  the  posterior  nerve-roots  causes  loss  of  reflex  action  as 
weU  as  impairment  of  sensation,  just  as  disease  of  the  anterior  roots 
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interferes  with  reflex  action  as  well  as  with  motor  power.  Interrap* 
tion  of  the  sensoiy  conducting  tracts  higher  np  leayes  reflex  action 
unaffected.  But  a  focal  lesion,  such  as  transyerse  mjelitisy  maj 
damage  both  the  conducting  tracts  and  the  nerve-roots  at  the  level  of 
the  lesion,  or  may  affect  onlj  one  of  these.  Disease  outside  the  oord» 
compressing  it,  may  have  the  same  double  effect.  Hence  it  is  impor- 
tant to  test  sensation  at  the  leyel  of  the  lesion,  as  well  as  in  the  parts 
below,  and  to  remember  that  the  "  level  of  the  lesion  "  may  involye 
the  limbs  or  the  trunk.  Areas  of  anssthesia  may  thus  be  found  on 
the  trunk  when  there  is  none  on  the  legs,  and  may  be  of  considerable 
diagnostic  importance,  e,g.  in  spinal  caries. 

Bandom  disease  of  the  nerve-roots  outside  the  cord  usually  impairs 
aU  forms  of  sensibility,  although  slight  damage  may  arrest  the 
conduction  of  tactile  impressions,  and  not  those  of  pain,  which  are 
probably  more  energetic  Disease  of  the  roots  within  the  cord  often 
causes  only  partial  loss,  because  the  fibres  which  conduct  different 
impressions  have  a  different  course.  But  bss  of  one  form  of  sensi- 
bility from  disease  of  the  root-flbres  or  nerve-fibres  usually  depends 
on  the  kind  of  disease,  and  is  especially  due  to  degenerative  changes, 
the  restdt  of  some  present  or  past  local  influence.  Disease  higher  up 
the  cord  still  more  frequently  causes  partial  loss ;  either  sensibility  to 
pain  or  to  touch  may  be  impaired.  That  to  temperature  is  raiely 
affected  without  that  to  pain.  We  do  not  yet  know  precisely  the 
significance  of  this  special  form  of  loss,  because*  as  we  have  seen,  we 
are  still  uncertain  as  to  the  path  for  each  form  of  sensibility.  It  is 
highly  probable,  however,  that  loss  of  sensibility  to  pain  is  produced 
bj  disease  of  the  grey  matter  immediately  anterior  to  the  postero- 
median column. 

Disease  of  the  posterior  median  column,  and  possibly  that  of  the 
direct  cerebellar  tract,  certainly  impairs  the  conduction  of  impressions 
from  the  muscles.  It  probably  abolishes  the  '*  muscular  sense  *'  of 
posture  and  movement,  although  this  does  not  entail  a  distinct  sen- 
sory loss.  But  there  may  be  also  a  greater  loss  of  muscular  sensibility, 
so  that  the  normal  sensitiveness  to  pressure  and  passive  extension 
(and  even  at  last  to  electrical  stimulation)  may  be  impaired  or  lost. 
The  "  common  sensibility  "  of  muscles  is  probably  lost  only  when  the 
disease  of  the  nerves  is  greater  than  suffices  to  abolish  what  is  termed 
the  '*  muscular  sense."  Interference  with  this  path  in  the  nerves  or 
roots  outside  the  cord  abolishes  musde-reflex  action,  and  also  causes 
more  pronounced  symptoms  (ataxy,  &o,)  than  disease  higher  up  the 
path  within  the  cord. 

Increcised  seimtivenetSp  hypersBsthesia  and  hyperalgesia,  are  also 
common  in  disease  of  the  spinal  cord,  and  usually  depend  on  irritation 
of  the  conducting  fibres  in  some  part  of  their  course.  Probably  the 
irritation  produces  the  effect  by  intensifying  the  impulse  as  it  passes, 
since  the  phenomena  of  stimiilation  of  nerves  show  that  their  axis- 
cylinders  have  some  power  of  transforming  other  forms  of  energy  intc 
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iMiTe^fotrce,  «.•»<>£  eTolTing  nerv^forea,  and  thcMfore  of  increaBing 
the  wrength  of  that  whioh  paaeea  adong  them. 

The  term  "  hjpenMthesia "  U  commonly  tued  ia  the  sense  of 
''hyperalgesia."  In  the  strict  sense  of  the  word,  hypenesthesia  is 
se^om  observed  or  even  searched  for.  When  the  sensibility  to  touch 
is  "  increased  "  there  is  some  perrersion  of  the  sensation,  not  a  simple 
increase.  The  sensation  may  be  felt  as  "thrilling"  or  ''shock-like 
sensations."  When  there  is  an  extreme  increase,  pain  may  be  pro- 
dn^^  by  a  touch,  but  it  is  more  probable  that  the  touch  stimulates 
the  oTer-sensitiye  nerves  of  common  sensibility^  than  that  actual  pain 
is  produced  through  the  tactile  nerves.  A  touch  may  cause  pain  when 
it  js  not  felt  as  a  touch,  as  in  the  condition  termed  "  anaasthesia  dolo- 
Tora."  Belayed  sensibility  to  pain,  or  temperature  especially,  is 
oommoB  in  tabes,  and  is  occasionally  met  with  as  a  result  of  other 
changes  in  the  spinal  cord.  Impairment  of  sensibility  for  jMun  and 
temperature  with  retention  of  (ordinary  tactile  sensibility  is  charac- 
tensticsJly  met  with  in  syringomyelia.  Other  forms  of  altered  sensi- 
biUty  havB  been  already  described. 

Fain,  referred  to  the  spine,  occasionally  present  in  organic  disease 
of  the  cord,  is  more  frequent  in  disease  originating  in  the  meninges 
or  bones.  But  the  frequency  with  which  spinal  pain  is  present  iu 
abdominal,  especially  gastric  disease,  and  in  neuralgic  affections* 
lessens  its  significance  when  it  exists  alone.  In  meningitis,  acute 
or  chronic,  and  in  meningeal  growths,  spinal  pain  is  frequent,  and  in 
organic  disease  of  the  bones  of  the  vertebral  column  it  is  an  almost 
oonstant  symptom,  and  is  combined  with  local  tenderness.  The  same 
combination  of  local  pain  and  tenderness  frequently  occurs  in  cases  of 
neuralgic  pain,  "  rachialgia," — a  condition  that  is  often  loosely  termed 
"spinal  irritation,"  especially  when  it  succeeds,  as  it  often  does» 
ooncussion  of  the  spine.  Such  pain  is  usually  felt  through  a  consider- 
able extent  of  the  vertebral  column,  or  has  more  than  one  place  of 
chief  intensity  and  tenderness.  That  which  is  due  to  organic  disease 
is  usually  fixed  and  unchanging.  In  organic  disease  of  the  cord 
itself  pain  is  more  often  referred  to  the  neighbourhood  of  the  spine, 
to  the  loins  or  the  sacrum,  than  to  the  spinal  column  itself. 

Still  more  important  are  the  pains  that  are  referred  to  the  parts  to 
which  the  sensory  nerves  are  distributed,  and  have  hence  been  termed 
"  excentrio "  or  "  radiating "  pains.  They  are  of  two  kinds :  (1) 
those  due  to  the  irritation  of  the  x>osterior  nerve-roots  in  their  passage 
throi;^h  the  intervertebral  foramina,  through  the  membranes,  or 
through  the  posterior  columns  of  the  cord ;  (2)  those  produced  by 
irritation  of  the  sensory  conducting  tracts.  The  pains  of  the  first 
class  are  called  "  root-pains,"  and  are  often  intense.  They  correspond 
in  level  to  the  disease.  Those  of  the  second  class  are  sometimts 
acute,  especially  in  lesions  that  irritate  the  conducting  tracts  by  pres- 
sure, 6.  g.  growths.  More  often  they  are  dull  pains,  closely  resembling 
rheumatiBm,  and  frequentlv  mistaken  for  rheumatism  by  the  patients 
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iheuselvM  and  {heir  niadml  attendantB.  Hie  miitake  Is  ilie  more 
easily  mmie,  beoaiiae  other  sjmptomB  suggestire  of  epinal  dkeaee  nuij 
be  ineon^ioooiie,  and  the  rheumatoid  pains  in  ohronio  casee  maj 
be  influenoed  by  weather,  being  muwh  more  trouUesome  in  damp  and 
eold  than  in  fine  and  dry  weather.  In  all  oaeee,  perriatent  rheumatic 
paina  in  the  limbs  should  suggest  the  possibility  of  spinal  disease,  and 
watch  should  be  kept  for  such  symptoms  as  local  loss  of  power,  or 
alterations  in  reflex  action.  There  is  a  third  class  of  pains— resem- 
bling root-pains — ^whioh  depend  on  degenerative  changes  in  the  nerre- 
fibres;  the  molecular  alterations  that  result  give  rise  to  upward 
impulses  of  considerable  intensity.  They  are  met  with  in  locomotor 
ataxy  and  in  multiple  neuritis,  and  may  be  dull  as  well  as  acute.  The 
position  in  which  these  various  radiating  pains  are  felt — legs,  trunk, 
or  arms — dopnds  upon  the  seat  of  the  disease.  Although  often 
produced  in  the  root-fibres,  these  pains  may  also  be  due  to  the  peri- 
pheral nerves. 

It  is  especially  important  to  note  that  the  root-pains  are  frequently 
felt  as  a  sense  of  constriction,  a  painful  sense  of  tightness,  as  if  a 
band  were  tied  tightly  around  the  part — ^the  "  girdle  pain,"  as  it  is 
ealled.  When  there  is  transverse  damage  to  the  cord,  at  the  lowest 
part  of  the  healthy  region  there  is  a  state  of  irritation  of  the  sensory 
nerves,  and  this  irritation  (referred  to  the  nerve-endings)  causes  the 
girdle-pain.  It  is  named  from  its  frequency  at  the  level  at  which  a 
girdle  is  worn,  the  middle  of  the  trunk,  which  depends  on  the  dorsal 
region  being  the  most  common  seat  of  disease ;  but  it  may  be  felt 
iower  down,  about  the  groins  or  even  the  legs,  or  higher  up,  in  the 
arms.    In  the  limbs  it  is  a  mere  sense  of  tightness. 

The  girdle-pain  is  a  symptom  chiefly  of  inflammatory  and  degene- 
rative processes  within  the  cord.  Pressure  on  the  nerve-roots  usually 
causes  acute  pain,  but  the  most  severe  root-pains  are  those  met  with 
in  disease  of  the  bones  of  the  spine.  These  have  also,  more  than  any 
other  kind,  the  characteristic  that  they  are  increased  by  movement, 
and  in  growths  commencing  in  the  bones  (which  are  usually  malig- 
nant) this  feature  is  of  considerable  diagnostic  importance.  The 
suffering  in  such  oases  is  so  great  as  to  have  gained  for  the  resulting 
symptoms  the  ominous  designation  of  jtaraplegia  dolorota.  The  pain 
in  this  condition  may  have  a  localising  value,  that  in  carcinoma  being 
frequently  referred  to  the  neighbourhood  of  the  column,  while  in 
caries  it  seems  more  frequently  to  affect  the  side  of  the  chest. 

Spontaneous  80nsaHan$,  other  than  pain,  are  very  common  in  disease 
of  the  spinal  oord,  and  are  often  of  considerable  diagnostic  im- 
portance, but  suggestive  rather  of  the  presence  of  a  morbid  state  than 
of  its  nature.  They  may  present  many  varieties  of  character,  but  the 
familiar  sensation  produced  by  pressure  on  a  nerve-trunk,  when  the 
part  is  said  to  be  "asleep,"  or  to  have  "pins  and  needles/'  is  the 
most  common  and  the  most  significant.  It  may  occur  in  functional 
disturbance  of  the  cord  as  well  as  in  organic  disease,  and  also  is  very 
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common  in  peripheral  nenritis.  It  depends  on  OTer-aotion  of  the 
sensory  structures,  but  it  has  at  present  no  special  nignificanee  as  to 
the  locality  of  disease.  It  may  be  excited  by  contact  when  it  is  not 
spontaneous,  and  probably  represents  the  highest  degree  of  excess  of 
impressions  conyeyed  by  the  nenres  of  tactile  sensibility.  The  still 
vaguer  feeling  called  "  numbness  "  is  also  common,  and  may  occur,  in 
slight  degree,  in  diseases  of  which  all  other  symptoms  are  purely 
motor.  But  this  word  is  used  in  so  many  different  senses  that  the 
meaning  in  which  the  indiyidual  uses  it  should  always  be  ascertained 
as  far  as  possible.  Sometimes  it  signifies  distinct  loss  of  sensibility ; 
more  often  a  feeling  as  if  there  ought  to  be  loss  when  there  is  not. 
Our  sensations  altogether  transcend  our  rocabulary,  but  the  obserrer 
must  try  (without  leading)  to  ascertain  the  character  of  the  sensation 
experienced. 

Ebflex  Aotiok. — L088  of  reflex  action  indicates  an  interruption  of 
the  reflex  arc  concerned.  Q^iis  interruption  may  be  anywhere  between 
the  peripheral  endings  of  the  motor  and  sensory  nerves,  and  thus  is 
not  necessarily  withm  the  spinal  cord,  or  even  within  the  spinal  canaL 
[t  is  as  constant  in  peripheral  neuritis  as  in  any  spinal  disease.  The 
position  of  the  interruption  must  be  determined  by  the  associated 
symptoms ;  if  it  is  in  the  centripetal  portion  of  the  reflex  arc,  there  is 
impairment  of  sensation,  since  the  interruption  will  equally  arrest 
conduction  to  the  brain.  If  it  is  in  the  centrifugal  portion  of  the  arc» 
there  is  a  corresponding  interruption  in  the  path  of  the  voluntary  im- 
pulse, and  loss  of  motor  power.  Moreover  disease  of  the  motor  centre 
or  motor  nerves  causes  also  degeneration  of  the  nerves  and  wasting 
of  the  muscles.  Any  considerable  disease  of  the  nerves  abolishes  all 
reflex  action  from  ^e  part  they  supply,  but  disease  limited  to  the 
motor  structures  may  permit  a  reflex  movement  to  take  place  at  a 
distaiice,  although  preventing  it  at  the  part  stimulated. 

Disease  of  the  motor  centre  or  nerves  causes  loss  of  all  forms  of 
reflex  action,  the  simple  form  and  the  muscle-reflex  that  underlies 
myotatic  irritability.  Partial  disease  of  the  afferent  path  may  impair 
one  and  not  the  other,  may  abolish  the  muscle-reflex  action  (myoto.tio 
irritability)  and  not  the  superficial  reflex  action,  since  the  afferent 
nerves  for  the  two  are  distinct,  coming  in  the  one  case  from  the 
muscles,  in  the  other  from  the  skin.  When  one  only  is  lost  it  is 
generally  the  muscle-reflex  action ;  the  nerves  for  this  seem  more  sus- 
ceptible, and  to  have  less  power  of  resisting  morbid  influences. 

Loss  of  all  reflex  action  may  occur  as  a  transient  symptom,  imme- 
diately after  the  onset  of  an  acute  lesion  of  the  cord,  apparently  from 
irritative  inhibition  of  the  centres.  Cutaneous  reflex  action  may  be 
lessened  permanently  in  some  cases  of  brain  disease  on  the  side  of  the 
motor  palsy,  even  when  the  muscle-reflex  action  is  increased.  Indeed, 
this  opposite  change  in  the  two  forms  of  reflex  action  co-existing  on 
the  same  side  always  suggests  intra-cerebral  disease.  It  may  be  well 
again  to  remind  tlie  reader  how  difficult  it  often  is  to  be  sure  whether 
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the  knee-jerk  ia  present  or  is  lost,  on  aoccount  of  the  readiness  with 
which  its  ooenrrenoe  may  be  prevented  by  inability  to  relax  the 
muscles,  and  its  presence  may  be  simulated  by  a  true  reflex  action 
(see  p.  288). 

Excess  of  reflesf  action  implies,  of  necessity,  the  integrity  of  the 
reflex  arc  concerned,  and  shows  that  organic  disease,  if  it  exists,  is 
higher  up  the  cord.  Each  form  of  reflex  action  is  often  increased. 
In  some  acute  diseases,  as  acute  meningitis,  and  probably  also  in  some 
chronic  diseases,  the  increase  may  be  due  to  an  irritation  of  the 
centres,  but  in  most  forms  of  chronic  disease  it  is  apparently  the 
result  of  a  loss  of  control,  and  indicates  disease  between  the  centre 
eoncemed  and  the  brain.  We  have  already  considered  (p.  240)  the 
probable  mechanism,  and  have  seen  that  the  excess  of  the  muscle- 
reflex  action  is  related  to  disease  of  the  pyramidal  fibres,  and  espe- 
cially to  the  loss  of  the  tei'minal  part  of  these  fibres,  within  the  grey 
matter,  adjacent  to  the  centres  concerned.*  This  is  the  significance 
of  considerable  excess.  Degeneration  of  the  terminal  portions  of  the 
fibres  is  commonly  due  to  a  descending  degeneration  of  the  fibres  them- 
selres.  It  is  possible,  howeyer,  that  the  d^eneration  of  the  endings 
of  the  pyramidal  fibres  may  be  primary,  as  is  that  of  the  nerve-fibres. 
(See  Primary  Spastic  Paraplegia.)  The  increase  of  reflex  action  is 
chiefly  manifested  in  the  legs,  in  which  reflex  action  is  normally  more 
active  and  important  than  in  the  arms.  The  increase  in  the  cutaneous 
reflex  action  is  shown  by  its  occurrence  on  a  slighter  stimulation  of 
the  skin,  and  by  a  greater  degree  and  extent  of  the  muscular  contrac- 
tions produced.  In  these  the  flexors  usually  predominate,  so  that  the 
leg  is  drawn  up  in  a  strong  movement.  As  the  action  of  the  sexual 
organs  depends,  in  part,  on  superficial  reflex  processes,  priapism  is 
common  when  the  reflex  excess  is  great.  The  increase  of  the  muscle- 
reflex  action  is  shown  by  an  increase  of  myotatio  irritability,  and 
therefore  of  the  so-called  "tendon-reflex  contractions,"— the  increased 
knee-jerk,  rectus-clonus,  foot-clonus,  wrist-jerk,  elbow- jerk,  jaw- jerk, 
jaw-clonus,  &c  These  have  been  already  described.  As  already 
stated,  the  excess  of  this  irritability  is  at  first  moderate,  and  slowly 
increases.  A  high  degree  of  over-action  is  never  suddenly  attained, 
as  it  may  be  in  the  case  of  cutaneous  reflex  action.  It  woiild  seem  as 
though,  in  the  centres  liberated  from  control,  a  capacity  for  excessive 
action  is  slowly  developed,  which  ultimately  results  in  tonic  spasm. 

Not  only  is  the  common  cause  of  this  excess  damage  to  the  pyra- 
midal trac^«  higher  up  the  cord,  entailing  their  secondary  degenei*a- 
tion;  but  if  such  disease  higher  up — as,  for  instauee,  primary  myelitis 

*  It  it  interesting^  to  note  the  analogy  between  the  effects  of  degeneration  of  the 
teriniuiition  of  the  two  segments  of  the  motor  path.  The  increased  activity  of  the 
muscle-reflex  centres,  which  results  from  degeneration  of  the  termination  of  the 
upper  se^^ment,  presents  some  similarity  to  the  increased  voltaic  irritability  of  the 
muscular  fibres  which  results  from  degeneruiion  of  the  termination  of  the  lower 
■ecmeui. 
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or  mjvxy  to  the  eoxd— if  followed  hj  aboUtion  of  tlie  mvaele-reaei 
action  in  the  parts  belaw,  it  it  the  result  of  inflammatory  damage  to 
the  lower  part  of  the  oord  in  which  the  oentaes  aie  situated,  genezallj 
by  a  descending  myelitis.  Sometimes  the  original  myelitis  introlTed 
the  whole  or  a  considerable  part  of  the  oord  below,  and  the  indications 
of  a  transrerse  lesion  were  merely  those  of  the  upper  limit  of  the 
disease.  It  is  not  uncommon  for  the  secondary  myelitis  below  an 
original  trsasrerse  lesion  to  succeed  it,  and  abolish  the  reflex  action 
which  was  at  first  unimpaired.  I  have  seteral  times  met  with  such  a 
sequence.  A  primary  dorsal  myelitis  has  left  reflex  action  in  the  legs 
unimpaired  and  t^Tiding  to  excess,  with  the  sphincter  ani  ia  its  condi- 
tion of  uncontrolled  automatic  action,  when  %f ter  a  few  days,  a  week 
or  more,  indicaidons  of  a  recurrence  of  myelitis  havB  been  attended  by 
abolition  of  all  reflex  action,  including  liie  knee-jerk,  by  flaccidity  of 
the  musdes,  with  rapid  derelopment  of  the  reaction  of  degeneration 
in  them,  and  by  complete  relaxation  of  the  sphincter  anL  This  is  the 
state  from  the  first  in  the  cases  in  which  the  primary  myelitis  inTolves 
the  whole  lower  part  of  the  oord.  Sometimes,  indeed,  such  descend- 
ing inflammation  ia  limited  to  the  grey  matter  or  to  the  posterior 
eolumns,  with  corresponding  limitation  of  the  symptoms,  but  with  a 
similar  abolition  of  reflex  action.  Of  course,  such  descending  inflam- 
mation is  a  very  differ,  it  thing  from  the  secondary  descending 
degeneration  of  the  pyramidal  tracts.* 

Over^action  may  perhaps  be  also  produced  by  a  state  of  irritation 
propagated  from  above,  as  in  the  ''  early  rigidity  "  of  hemiplegia ;  we 
haye  seen  that  the  motor  impulses  probably  pass  from  the  pyramidal 
fibres  through  part  at  least  of  the  muscle-reflex  mechanism.  Primary 
OTor-action  seems  also  to  occur,  although  apparently  it  only  attains  a 
slight  degree.  It  is  probably  the  cause  of  the  trifling  excess  met  with 
in  cases  of  defective  nutrition  of  the  spinal  oord  or  of  tlie  nervous 
system  generally. 

Beflex  gpasm. — ^We  have  seen  (p.  26)  that  the  muscular  stete  on 
which  myotatic  irritability  depends,  assumed  to  be  due  to  a  muscle- 
reflex  action,  is  probably  identical  with  phyeiolooical  tone.  When- 
ever there  is  a  considerable  increase  in  the  irritability  there  is  a 
tendency  to  tonic  spasm,  in  which  there  is  a  balanced  contraction  of 
the  muscles,  fixing  the  limbs  in  the  position  of  extension.  At  first 
there  is  merely  slight  stiffness  of  the  legs,  especially  felt  on  waking 
from  sleep;  afterwards  the  legs,  when  extended,  become  distinctly 
stiff,  although  they  may  be  quite  supple  when  flexed.     If  gradually 

*  In  conseqnenct*  of  the  occurrence  of  thU  inflammation  in  the  lower  part  of  the 
cord  having  heen  overlooked,  it  h«g  been  thonirht  that  a  transverse  lesion  higher  up 
has  the  power  of  abolishing  r-flex  notion  bel  »w,  where  the  cord  is  not  damaged 
except  by  desct^nding  degenenition.  See,  however,  p.  272,  note.  In  one  case,  how- 
ever, described  by  Bruns  (*  Arch,  f.  Psychiatrie,'  voL  xxv),  the  knee-jerk. was abtent 
although  the  g^ey  matter  was  found  to  he  unuliered.  There  was  abolition  of 
faradio  irritability  in  the  legs  ascribed  to  osdema. 
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extended,  when  near  full  extension  the  spasm  suddenly  comes  on  and 
completes  the  movement,  as  the  bkde  of  a  pocket  knife  moTes  under 
the  influence  of  the  spring.  Hence  this  has  been  termed  *'cksp- 
knife  rigidity."  Ultimately  the  extensor  spasm  may  be  so  great  that, 
when  it  occurs,  both  legs  are  rigid,  and  are  so  firmly  connected  with 
the  pelvis  that  if  one  is  lifted  from  the  bed  the  other  is  moved  also. 
This  is  only  met  with  in  organic  disease,  and  is  an  important 
diagnostic  indication.  Parorrsms  of.  spasm  may  be  brought  on  by 
any  impression  on  the  sensory  nerves,  a  prick  on  the  skin,  or  an 
attempt  to  obtain  the  clonus.  The  extreme  spasm  prevents  any 
clonus  being  obtained,  and  it  may  be  necessary  to  flex  the  limb  before 
an  attempt  to  obtain  it  is  successful.  As  violent  spasm  is  passing 
cff,  moreover,  the  tension  of  the  muscles  may  aione  set  up  a  clonus, 
so  that  the  paroxysm  of  tonic  spasm  passes  into  clonic  spasm,  a 
phenomenon  that  was  termed  by  Brown-Sequard  "  spinal  epilepsy,'* 
en  account  of  the  superficial  resemblance  to  the  sequence  of  spasm  in 
an  epileptic  fit.  This  clonic  spasm  may  often  be  arrested  by  any 
strong  painful  impression  on  the  sensory  nerves,  a  pinch  of  the  skin, 
or  paiaf  al  flexion  of  the  big  toe ;  the  strong  stimulation  of  the  nerves 
of  common  sensation  inhibits  the  reflex  centre  concerned  in  the  clonus. 
There  is  always  much  weakness  of  the  legs  when  there  is  much  spasm, 
and  there  may  be  almost  complete  paralysis.  Hence  the  condition 
has  been  termed  "  spastic  paraplegia."  It  is  probable  that  the  central 
reflex  mechanisms  concerned  in  the  production  of  this  extensor  spasm 
are  those  that  subserve  the  act  of  standing.  The  spasm  often  enables 
a  paraplegic  patient  to  stand,  when  his  voluntary  power  is  quite 
insufficient  for  the  act.  In  advanced  cases  the  extensor  spasm  may  be 
varied  by  attacks  of  flexor  spasm,  which  at  first  come  on  chiefly 
during  sleep,  but  after  a  time  preponderate,  and  may  ultimately  be 
permanent ;  this  is  always  an  unfavorable  symptom,  since,  for  some 
reason  not  yet  understood,  this  flexor  spasm  indicates  a  condition  of 
the  spinal  cord  from  which  recovery  is  rare. 

Yaso-motob  akd  Tbophio  Distubbakcb. — Changes  in  Nutrition, — 
Considerable  wasting  of  the  muscles  indicates  disease  of  the  motor 
nerve-cells,  or  of  the  nerve-fibres  proceeding  from  these  cells.  If  the 
disease  is  acute  there  is  rapid  degeneration  of  the  nerves,  with  the 
roa^ction  of  degeneration  in  the  muscles  (see  p.  71).  The  wasting  in 
these  cases  is  always  great,  and  there  is  always  loss  of  reflex  action. 
Occasionally  some  fibres  of  the  nerve  and  muscle  suffer  and  others  do 
not,  causing  the  •*  middle"  or  "mixed  "  form  of  reaction  (see  p.  32). 
In  rare  cases,  in  which  the  nerve  degeneration  set  up  is  of  an  intensely 
irritative  character,  the  muscles  may  rapidly  lose  all  irritability  in 
consequence  of  true  degeneration  of  the  fibres.  I  have  observed 
this,  for  instance,  in  a  growth  in  the  lumbar  region.  In  other  cases 
of  disease,  however,  there  is  a  slighter  degree  of  wasting  of  the 
muscles ;  there  is  no  loss  of  irritability  in  the  nerves ;  the  irrita- 
bility may  be  slightly  increased  or  lessened,  but  is  changed  in  the 


266  SPINAL    COBD. 

same  waj  to  each  form  of  electricitj.  .  In  this  condition  reflex  action 
is  not  lost,  but,  on  the  contrary,  is  often  increased.  The  change  is 
apparently  the  result  of  a  peculiar  alteration  in  the  nutrition  of  the 
nerve-cells.  It  is  usually  the  effect  of  an  irritative  degeneration  of  the 
pyramidal  fibres,  which  influences  in  a  peculiar  manner  the  nutrition 
of  the  motor  cells. 

The  changes  in  the  nutrition  of  the  skin,  if  slight  and  chronic, 
resemble  those  produced  by  disease  of  the  nerves  (see  p.  79),  and  are 
probably  produced  through  the  agency  of  the  posterior  roots.  Per- 
forating ulcer  and  the  trophic  disease  of  joint  known  as  "  Charcot'^ 
joint "  are  met  with  especially  in  tabes.  They  also  occur  in  syringo- 
myelia. Sometimes,  however,  these  changes  are  most  acute.  Very 
slight  pressure,  continued  for  a  few  hours,  causes  vesication,  and  even 
sloughing  of  the  skin.  Sometimes  buUso  form  where  there  has  been 
no  pressure.  Occasionally  there  is  inflammation  of  the  joints.  Such 
intense  changes  are  only  met  with  when  the  morbid  process  in  the 
cord  is  irritative  in  its  character,  especially  in  haemorrhage,  and  in 
spreading  or  disseminated  myelitis.  The  points  on  which  sloughing 
occurs  with  greatest  readiness  are  the  heel,  over  the  malleoli,  the 
trochanters,  and  the  sacrum.  The  position  of  the  bedsores  in  para- 
plegia, usually  over  the  sacrum,  is  different  from  that  in  hemiplegia^ 
generally  over  the  gluteal  region  on  the  paralysed  side.  The  tendency 
to  trophic  disturbance  probably  favours  the  occurrence  of  cystitis  from 
retention  of  urine,  and  the  readiness  with  which  the  inflammation 
invades  the  kidneys.  I  have  seen  a  low  form  of  suppurating  subperi- 
toneal pelvic  cellulitis,  in  a  case  of  disseminated  myelitis  with  cutaneous 
sloughs,  in  which  no  other  cause  for  the  cellulitis  could  be  found. 

VasO'tnotor  disturbance  is  common  in  slight  degree,  irrespective  of 
the  seat  of  the  disease,  but,  like  the  trophic  changes,  which  probably 
depend  in  some  degree  upon  it,  it  is  always  most  intense  in  irritative 
lesions  of  the  cord.  The  slighter  and  common  d^^ree  consists  merely 
in  increased  warmth  of  the  limbs,  in  which  the  vessels  dilate  too 
readily ;  while,  at  a  later  period,  the  limbs  are  colder,  paler,  and  often 
livid  at  the  extremities.  In  rare  cases  intense  flushing  of  the  skin  has 
been  observed,  or  copious  and  long-continued  x>erspiration.  When 
the  disease  is  in  the  lower  cervical  region,  flushing  and  perspiration 
may  occur  on  the  face  and  head. 

Disease  of  the  cervical  cord  or  nerves  is  sometimes  attended  by  a 
change  in  the  pupil,  on  one  side  only.  It  is  due  to  the  fact  that  the 
dilator  is  innervated  from  the  cervical  sympathetic  through  the  last 
cervical  nerves.  There  may  be  contraction,  from  paralysis  of  these 
radiating  fibres,  or  there  may  be  persistent  dilatation  from  their  irrita- 
tion. There  may  also  be  narrowing  or  enlargement  of  the  palpebral 
fissure  from  the  same  cause.  The  cause  of  the  double  myosis,  so 
common  in  some  degenerative  diseases  of  the  cord,  is  uncertain ;  it  is 
associated  with  loss  of  the  light-reflex,  and  also  of  the  reflex  dilatation 
produced  by  stimulating  the  skin  of  the  neck. 
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The  frequency  of  the  heart's  action  is  often  permanently  increased 
in  locomotor  ataxy,  but  we  do  not  know  by  what  mechanism.  In 
disease  of  the  cervical  cord  (perhaps  also  in  that  of  the  cervical  nerve- 
roots)  the  heart  may  be  slowed  to  forty,  thirty,  or  twenty  beats  per 
minute,  usually  only  for  a  time.  This  is  frequently  met  with  in 
fracture  dislocation  in  this  r^on.  The  effect  may  perhaps  be  due  to 
a  loss  of  the  influence  of  the  nerves  which,  when  stimulated,  quicken 
the  heart.  In  acute  disease  of  the  upper  dorsal  region  the  heart's 
action  may  be  persistently  frequent. 

VtMceral  Disturbance. — ^Various  disturbances  in  the  alimentary  canal 
occur  in  disease  of  the  spinal  cord,  and  are  no  doubt  due  to  the  fact 
that  the  sympathetic  nerves  immediately  controlling  the  canal  are 
under  the  influence  of  the  cord,  and  may  be  excited  to  abnormal 
action  by  its  irritation,  or  may  underact  when  its  influence  is  lessened. 
Difficulty  of  deglutition  is  observed  in  some  cases  of  acute  disease  of 
the  upper  cervical  region.  Vomiting  occurs  also  in  disease  of  the 
same  part,  especially  in  fracture  of  the  cervical  vertebi-se.  Constipa- 
tion is  extremely  common  in  disease  of  the  cord  above  the  lumbar 
enlargement.  The  "  gastric  and  laryngeal  crises  "  of  tabes  are  espe- 
cially frequent  in  cases  in  which  the  disease  is  situated  high  up  in  the 
cord.  When  rectum  and  bladder  are  affected,  the  disease  must  be 
lower. 

Paralysis  of  the  Sphincters, — ^Incontinence  of  urine  and  fsBces  may 
be  due  to  disease  of  the  centres  that  control  the  action  of  the  sphinctca 
ani  and  the  muscidar  mechanism  of  the  bladder  respectively,  or  it 
may  be  due  merely  to  disease  of  the  path  (probably  the  pyramidal 
tract)  through  which  voluntary  control  is  exerted.  In  the  latter  case 
the  sphincter  ani  acts  in  an  automatic  reflex  manner,  as  already  ex- 
plained. If  the  finger  is  introduced  within  it,  the  initial  relaxation  is 
felt  to  be  succeeded  by  a  firm  tonic  contraction.  This  proves  that  the 
anal  centre  in  the  lumbar  enlargement,  and  the  nerves  proceeding  from 
it,  are  intact.  If  this  centre  is  destroyed,  or  the  nerves  interrupted, 
no  tonic  contraction  can  be  felt;  there  is  complete  and  persistent 
relaxation.  I  have  more  than  once  observed  a  dorsal  transverse 
myelitis  arrest  the  voluntary  influence  and  leave  the  sphincter  in 
its  condition  of  simple  reflex  action,  an(i,  a  week  or  ten  days  later,  the 
extonsion  of  the  myelitis  into  the  lumbar  region,  to  be  attended  by 
(among  other  signs)  perfect  inaction  of  the  sphincter.  A  rectal 
examination  will  then  often  give  important  information  regarding  the 
extent  of  the  disease  downwards. 

The  sphincter  of  the  bladder  is  not  accessible  to  such  direct 
examination,  and  the  mechanism  seems  to  be  more  complex,  but  we 
may  distinguish)  conditions  corresponding  to  those  of  the  recttmi.  If 
the  lumbar  centre  is  destroyed  the  sphincter  is  permanently  relaxed ; 
urine  dribbles  out  of  the  bladder  as  fast  as  it  enters  it;  there  is 
simple  incontinence.  If  there  is  an  interruption  of  the  voluntary 
path  above  the  centre,  the  sphincter  may  act  automatically :  when  a 
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•onrtain  uiKmiit  of  wum  has  oolbotod  in  the  bladder  it  exmteB  the 
musoolar  fibres  in  the  wall  to  oontractf  the  sphinoter  rekxee,  and  the 
tirfaie  escapee, — there  is  intermittent  iBcontinence.  In  this  eondition 
the  mechanism  is  excited  to  action  by  any  pressnre  on  the  bhdder; 
a  movement,  or  the  act  of  coughing,  will  make  the  imne  eome  away. 
But  the  musole  of  the  wall  of  the  bladder  is  indirectly  under  the 
influence  of  the  will ;  wb^n  the  sphincter  is  Toiontarilj  relaxed  the 
detrusor  fibres  in  the  wall  contract.  Loss  of  Toluntarj  power  seems 
to  lead  to  weakness  in  the  wall  of  the  bladder,  So  that  the  bladder  is 
nerer  perfectly  emptied,  and  ultimately  the  detrusor  cannot  oontnu^t 
to  expel  the  urine,  e^sn  when  the  sphincter  is  relaxed.  Hence  reten- 
tion of  urine  occurs.  When  a  certain  degree  of  distension  of  the 
bladder  is  attained,  the  pressure  becomes  suflicient  to  force  the  urine 
out  whenever  the  sphincter  relaxes,  and  such  relaxation  is  continually 
occurring  under  the  high  pressure  that  is  repeatedly  renewed  in 
40onsequence  of  the  flow  from  the  kidneys.  Hence  incontinence 
results, — "overflow  incontinence"  (see  p.  247).  The  retention  often 
develops  very  gradually  and  insidiously  when  the  voluntary  power  is 
only  lessened ;  the  residual  urine  is  at  first  small  in  amount,  but 
gradually  increases  as  the  detrusor  fails  to  contract  adequately  against 
the  resistance.  It  is  important,  if  the  urine  comes  away  involimtarilyy 
to  ascertain  which  form  of  incontinence  exists ;  since  overflow  incon- 
tinence, and  the  retention  it  indicates,  have  much  giaver  consequences 
than  simple  incontinence.  The  permanent  distension  of  the  bladder 
•constitutes  a  permanent  hindrance  to  the  flow  of  urine  from  the 
kidneys,  and  serious  kidney  disease  may  result.  This  is  a  not  uncom- 
mon cause  of  death  in  spinal  disease.  Moreover,  whenever  the 
bladder  is  habitually  emptied  imperfectly,  decomposition  is  apt  to 
occur  in  the  residual  urine.  The  decomposition  is  often  aided  hj  the 
lessened  acidity,  or  even  actual  alkalinity,  of  the  urine.  This  change 
in  the  composition  of  the  urine  excites  inflammation  of  the  bladder ; 
pus  is  formed  by  the  mucous  membrane,  and  this,  in  its  turn, 
increases  the  decomposition  of  the  urine.  The  damage  to  the  kidneys, 
by  the  hindrance  to  the  flow  of  urine  from  them,  may  be  increased  by 
inflammation  ascending  the  ureters  from  the  bladder. 

Pyrexia, — ^The  initial  elevation  of  temperature  in  some  spinal 
lesions  may  be  due  to  them  directly,  but  sometimes  it  is  due  to  a 
blood-state  of  which  the  cord  disease  is  a  result.  This  is  probably  the 
oase  in  polio-myelitis.  The  temperature  is  sometimes  raised  in  dis- 
ease of  the  cord  apart  from  the  influence  of  morbid  process.  Disease 
of  the  upper  cervical  cord,  like  that  of  the  medulla,  may  cause  hyper- 
pyrexia, and  this  may  also  result  from  acute  central  lesions  that 
occupy  a  considerable  vertical  extent,  such  as  a  central  hsemorrhage, 
although  by  what  mechanism  these  act  we  do  not  know.  Slight 
variable  elevation  of  temperature  sometimes  occurs  in  disease  of  the 
d-orsal  cord,  and  is  probably  due,  in  some  way,  to  the  disturbance  of 
its  functions  rather  than  to  any  influence  of  the  morbid  process.    For 
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instaaee.  in  one  eaie  of  ksmorrhagic  mjelitit  with  damage  from  th* 
third  dorsal  to  the  Moond  lumbar  segments,  OTSiy  implication  of 
elfictricitj  to  the  legs  was  followed  bj  slight  pyrexia. 

ConmUnone. — Lastly,  oonvulsiTe  attacks  have  been  known  to  attend 
the  onset  of  acute  lesions  in  various  parts  of  the  cord,  in  adults  as 
well  as  in  children.  They  are  most  frequent  in  disease  of  the  cervical 
oord,  but  I  have  known  a  convulsion  to  occur  in  an  adult  at  the  onset 
of  myelitis  in  the  lower  dorsal  region.  The  convulsions  are  general. 
Their  mechanism  is  unknown,  and  in  some  cases,  especially  of  inf an- 
tile  polio-myelitis,  they  may,  like  the  initial  pyrexias  be  the  result  of 
general  disturbance  of  the  system  by  an  acute  morbid  blood-state. 

Optic  neurUU  has  been  met  with,  especially  in  connection  with 
disease  in  the  cervical  region  of  the  cord,  and  in  cases  in  which  carefol 
examination  of  the  brain  post  mortem  failed  to  reveal  any  oex^bral 
disease^ 

CoKBiKAnoK  07  Stmftoms. — Certain  symptoms  are  frequently 
combined,  and  their  combination  has  a  definite  localising  significance. 
Loss  of  motor  power  occurs  in  two  different  associations,  according  to 
the  position  of  its  caiise  in  the  motor  path.  It  may  be  combined 
with  muscular  wasting,  loss  of  electric  irritability,  and  loss  of  all 
reflex  action.  In  this  case  the  disease  is  in  the  anterior  comua  or 
nerve-roots,  the  lower  segment  of  the  motor  path.  (But  the  same 
sym;>toms  are  produced  by  disease  of  the  nerves  themselves — ^in 
multiple  neuritis.)  On  the  other  hand,  there  nmy  be  no  wasting,  no 
change  in  irritability^  and,  instead  of  a  loss  of  reflex  action,  the  myo- 
tatic  irritability  is  increased.  The  interruption  of  the  motor  path  is 
then  in  the  upper  segment,  usually  in  the  pyramidal  tracts.  It  may 
be  a  focal  lesion  of  the  oord,  or  a  primary  degeneration  of  the  tracts. 
The  distinction  is  that,  in  the  latter  case,  there  is  nothing  mox«  than 
the  muscular  weakness  and  increased  myotatio  irritability.  In  the 
former  case  there  are,  or  have  been,  indications  that  the  lesion  has 
extended  beyond  the  purely  motor  elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  cord 
have  now  been  described,  but  it  is  necessary  to  consider  further  the 
combination  of  symptoms  that  results  from  a  total  transverse  lesion  of 
the  cord,  and  from  a  imilateral  lesion. 

A  total  tratuperse  ledon^  however  limited  in  vertical  extent,  sepa- 
rates from  the  brain  all  parts  below  it,  and  hence,  so  far  as  iHll  and 
feelings  a^  concerned,  it  producse  the  same  effect  as  if  the  whole  of 
the  cord  below  the  lesion  were  destroyed.  Compression  of  the  cord  in 
the  middle  of  the  cervical  enkrgement,  for  instance,  abolishes  motion 
and  sensation  in  all  parts  below  the  distribution  of  the  cervical  plexus. 
A  transverse  lesion  at  the  second  dorsal  nerve  causes  motor  and 
sensory  palsy  of  the  trunk  and  legs,  leaving  the  arms  unaffected.  But 
the  same  los%  motor  and  sensory,  results  from  disease  which  damages 
the  whole  cord  up  to  the  level  indicated.  Hence  the  extent  of  the 
motor  and  sensory  paralysis  indicates  only  the  upward  limit  of  the 
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•onrtain  ftmoimt  of  tirine  has  oolfeoted  in  the  bladder  it  exmtM  the 
musonlar  fibres  in  the  wall  to  oontractt  the  sphincter  relaxes,  and  the 
tirhie  escapes, — there  is  intermittent  ineonfinence.  In  this  eondition 
the  mechanism  is  excited  to  action  by  any  pressure  on  the  bladder; 
a  movement,  or  the  act  of  coughing,  will  make  the  urine  eome  away. 
But  the  muscle  of  the  wall  of  the  bladder  is  indirectlj  under  the 
influence  of  the  will ;  wb«^n  the  sphincter  is  Toluntarilj  lelaxed  the 
detrusor  fibrss  in  the  wall  contract.  Loss  of  Toluntarj  power  seems 
to  lead  to  weakness  in  the  wall  of  the  bladder,  so  that  the  bladder  is 
never  perfectly  emptied,  and  ultimately  the  detrusor  cannot  oontract 
to  expel  the  urine,  ei^n  when  the  sphincter  is  relaxed.  Henoe  reten- 
tion of  urine  occurs.  When  a  certain  degree  of  distension  of  the 
bladder  is  attained,  the  pressure  becomes  sufficient  to  force  the  urine 
out  whenever  the  sphincter  relaxes,  and  such  relaxation  is  continually 
occurring  under  the  high  pressure  that  is  repeatedly  renewed  in 
40onsequence  of  the  flow  ^m  the  kidneys.  Hence  incontinence 
results, — *'  overflow  incontinence  "  (see  p.  247),  The  retention  often 
develops  very  gradually  and  insidiously  when  the  voluntaiy  power  is 
only  lessened ;  the  residual  urine  is  at  first  small  in  amount,  but 
gradually  increases  as  the  detrusor  fails  to  contract  adequately  against 
the  resistance.  It  is  important,  if  the  urine  comes  away  involTrntarily, 
to  ascertain  which  form  of  incontinence  exists ;  since  overflow  incon- 
tinence, and  the  retention  it  indicates,  have  much  giaver  consequences 
than  simple  incontinence.  The  permanent  distension  of  the  bladder 
constitutes  a  permanent  hindrance  to  the  flow  of  urine  from  the 
kidneys,  and  serious  kidney  disease  may  result.  This  is  a  not  uncom- 
mon cause  of  death  in  spinal  disease.  Moreover,  whenever  the 
bladder  is  habitually  emptied  imperfectly,  decomposition  is  apt  to 
occur  in  the  residual  urine.  The  decomposition  is  often  aided  by  the 
lessened  acidity,  or  even  actual  alkalinity,  of  the  urine.  This  change 
in  the  composition  of  the  urine  excites  inflammation  of  the  bladder ; 
pus  is  formed  by  the  mucous  membrane,  and  this,  in  its  turn, 
increases  the  decomposition  of  the  urine.  The  dama^  to  the  kidneys, 
by  the  hindrance  to  the  flow  of  urine  from  them,  may  be  increased  by 
inflammation  ascending  the  meters  from  the  bladder. 

Pyrexia, — ^The  initial  elevation  of  temperature  in  some  spinal 
lesions  may  be  due  to  them  directly,  but  sometimes  it  is  due  to  a 
blood-state  of  which  the  cord  disease  is  a  result.  This  is  probably  the 
case  in  polio-myelitis.  The  temperature  is  sometimes  raised  in  dis- 
ease of  the  cord  apart  from  the  influence  of  morbid  proc^^ss.  Disease 
of  the  upper  cervical  cord,  like  that  of  the  medulla,  may  cause  hyper- 
pyrexia, and  this  may  also  result  from  acute  central  lesions  that 
occupy  a  considerable  vertical  extent,  such  as  a  central  hsemorrhage, 
although  by  what  mechanism  these  act  we  do  not  know.  Slight 
variable  elevation  of  temperature  sometimes  occurs  in  disease  of  the 
dorsal  cord,  and  is  probably  due,  in  some  way,  to  the  disturbance  of 
its  functions  rather  than  to  any  influence  of  the  morbid  process.     For 
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instanee.  in  one  eaie  of  Itfemorrhagic  mjelitb  with  damage  from  tho 
third  dorsal  to  the  Moond  lumbar  segments,  OTsry  application  of 
electricitj  to  the  legs  was  followed  by  slight  pyrexia. 

OmvuUiona. — Lastly,  oonvulsiye  attacks  have  been  known  to  attend 
the  onset  of  acute  lesions  in  yarious  parts  of  the  cord,  in  adults  as 
well  as  in  children.  They  are  most  frequent  in  disease  of  the  cervical 
cord,  but  I  have  known  a  oonyulsion  to  occur  in  an  adult  at  the  onset 
of  myelitis  in  the  lower  dorsal  region.  The  oonyulsions  are  general. 
Their  mechanism  is  unknown,  and  in  some  cases,  especially  of  inf an- 
tile  polio-myelitis,  they  may,  like  the  initial  pyrexia,  be  the  result  of 
general  disturbance  of  the  system  by  an  acute  morbid  blood-state. 

Optic  neuritis  has  been  met  with,  especially  in  connection  with 
disease  in  the  cervical  region  of  the  cord,  and  in  cases  in  which  carefol 
examination  of  the  brain  post  mortem  failed  to  reveal  any  cerebral 
disease^ 

CoxBiNATioir  07  Sthftomb. — Certain  symptoms  are  frequently 
oombined,  and  their  combination  has  a  definite  localising  significance. 
Loss  of  motor  power  occurs  in  two  different  associations,  according  to 
the  position  of  its  cause  in  the  motor  path.  It  may  be  combined 
with  muscular  wasting,  loss  of  electric  irritability,  and  loss  of  all 
refiex  action.  In  this  case  the  disease  is  in  the  anterior  comua  or 
nerve-roots,  the  lower  segment  of  the  motor  path.  (But  the  same 
symptoms  are  produced  by  disease  of  the  nerves  themselves — ^in 
multiple  neuritis.)  On  the  other  hand,  there  may  be  no  wasting,  no 
change  in  irritability^  and,  instead  of  a  loss  of  reflex  action,  the  myo- 
tatic  irritability  is  increased.  The  interruption  of  the  motor  path  is 
then  in  the  upper  segment,  usually  in  the  pyramidal  tracts.  It  may 
be  a  focal  lesion  of  the  eord,  or  a  primary  degeneration  of  the  tracts. 
The  distinction  is  that,  in  the  latter  case,  there  is  nothing  more  than 
the  muscular  weakness  and  increased  myotatic  irritability.  In  the 
former  case  there  are,  or  have  been,  indications  that  the  lesion  has 
extended  beyond  the  purely  motor  elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  cord 
have  now  been  described,  but  it  is  necessary  to  consider  further  the 
combination  of  symptoms  that  results  from  a  total  transverse  lesion  of 
the  cord,  and  from  a  unilateral  lesion. 

A  total  iratuversB  letiant  however  limited  in  vertical  extent,  sepa- 
rates from  the  brain  all  parts  below  it,  and  hence,  so  far  as  will  and 
feeling  axe  concerned,  it  produces  the  same  effect  as  if  the  whole  of 
the  cord  below  the  lesion  were  destroyed.  Compression  of  the  cord  in 
the  middle  of  the  cervical  enlargement,  for  instance,  abolishes  motion 
and  sensation  in  all  parts  below  the  distribution  of  the  cervical  plexus. 
A  transverse  lesion  at  the  second  dorsal  nerve  causes  motor  and 
sensory  palsy  of  the  trunk  and  legs,  leaving  the  arms  unaffected.  But 
the  same  loss,  motor  and  sensory,  results  from  disease  which  damages 
the  whole  cord  up  to  the  levd  indicated.  Hence  the  extent  of  the 
moior  and  sensory  paralysis  indicates  only  the  upward  limit  of  the 
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lesion;  how  far  it  extends  downwards  is  shown  by  the  interference 
with  the  central  and  especiallj  the  reflex  functions  of  the  cord.  The 
upward  level  is  indicated  not  onlj  bj  the  loss  of  conduction,  but  also 
by  the  position  of  the  girdle-pain  and  radiating  pains,  or  zone  of 
hypersesthesia,  which  are  due  to  the  irritation  of  the  lowest  sensory 
nerves  in  the  upper  portion. 

It  is  desirable  to  know  the  symptoms  of  impaired  conduction  that 
occur  when  a  transverse  lesion  is  at  different  levels  in  the  spinal  cord. 
They  may  readily  be  ascertained  by  an  examination  of  the  table  and 
figures  given  at  pp.  250—252.  There  is,  however,  some  uncertainty  as 
to  the  effect  on  sensation  in  the  limbs  produced  by  disease  at  different 
parts  of  the  lumbar  and  cervical  enlargements,  since,  as  we  have  seen, 
the  exact  representation  of  sensation  in  the  oord  is  still  uncertain. 

The  upper  limit  of  the  lesion  is  shown  by  the  upward  extent  of  the 
motor  and  sensory  loss.  The  lowest  nerves  supply  the  anus  and  peri- 
nsum.  Those  that  supply  the  skin  and  muscles  of  the  leg  and  foot 
arise  from  the  fourth  lumbar  to  the  second  sacral  segments,  and  are 
damaged  by  a  lesion  involving  the  lower  part  of  the  Itmibar  enlarge- 
ment.  In  the  middle  of  the  lumbar  enlargement  the  nerves  arise 
which  enter  the  lumbo-sacral  cord,  and  these  are  probably  destined 
for  the  flexors  of  the  knee,  and  for  the  hip  muscles  supplied  by  the 
sacral  plexus,  the  glutei,  quadratus,  and  gemelli,  and  for  the  skin  of 
the  lower  part  of  the  gluteal  region.  These  parts  then  will  be  para- 
lysed by  disease  in  the  middle  of  the  lumbar  enlargement,  while 
tlie  muscles  and  skin  in  front  of  the  thigh  are  unaffected.  The 
latter  suffer  when  the  disease  affects  the  upper  part  of  the  lumbar 
enlargement,  the  origin  of  the  anterior  crural  (rectus,  Ac.),  and 
obturator  (adductors).  The  skin  on  the  upper  and  outer  parts  of 
the  thigh  loses  sensibility,  with  the  part  adjacent  to  the  scrotum, 
and  in  the  groin,  only  when  the  disease  damages  the  highest  part 
of  the  lumbar  enlargement,  from  which  the  second  and  third  lumbar 
nerves  arise,  and  then  the  flexors  of  the  hip  become  paralysed.  In 
proportion  as  the  disease  is  higher  in  the  dorsal  region  we  have  the 
symptoms  ascending  higher  up  the  trunk,  and  marking  accurately  the 
height  of  the  lesion  by  the  loss  of  cutaneous  sensibility,  and  by  the 
impairment,  first  of  the  abdominal  muscles,  and  then  of  the  in- 
tercostal muscles.  The  umbilicus  corresponds  to  the  tenth  dorsal 
nerves,  and  the  ensiform  area  to  the  sixth  and  seventh.  When  the 
disease  reaches  the  lowest  part  of  the  cervical  enlargement  (the  firsi 
dorsal  nerves)  we  have  the  first  symptoms  in  the  upper  extremity ; 
but  these  are  not,  as  might  be  expected,  in  the  muscles  moving  the 
shoulder-joint,  but  in  the  hand.  The  first  numbness  is  complained  of 
in  the  little  finger,  and  the  first  weakness  is  in  the  intrinsic  muscles  of 
the  hand.  Ascending  higher,  the  symptoms  pass  up  the  arm  with 
some  uniformity,  and  without  respect  to  nerve  distribution.  When 
the  middle  of  the  cervical  enlargement  is  reached  (the  fifth,  sixth,  and 
seventh  cervical)  the  shoulder  muscles  and  the  serratus  magnus  be- 
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«ome  paralytied,  and  there  ia  general  loss  of  power  and  sensation.  (For 
delaOs  see  table,  p.  252,  and  also  pp.  250  and  251.)  Above  the  level  ol 
the  sixth  pair  the  trapezius  and  stemo-mastoid  become  somewhat 
weakened,  for  the  fibres  of  the  spinal  accessory  which  supply  them  un- 
doubtedly arise  in  part  from  this  r^on  of  the  cord.  At  the  fourth 
and  fifth  cervical  the  lower  part  of  the  neck  becomes  anaesthetic,  and 
the  diaphragm  ceases  to  act.  Here  our  localisation  might  cease,  for 
total  transverse  lesions  at  this  spot  necessarily  cause  death.  For  a 
little  time  the  stemo-mastoida  and  acaleni  can  still  get  some  air  into 
the  cheat,  rarely  in  sufficient  amount  to  maJTitaiTi  life  for  more  than  a 
few  daya.  But  limited  lesiona  may  occur  higher  up,  and  then  we  have 
complete  powerlessnesa  of  the  muscles  moving  the  head,  upper  part  of 
trapeziuB  and  stemo-mastoid,  and  other  muadea  attached  to  the 
occipital  bone,  and  interference  with  aensation  in  the  neck  and  parta 
of  the  head,  which  are  not  supplied  by  the  fifth  nerve. 

The  extent  downwards  of  the  lesion,  its  vertical  extent,  is  thus  not 
indicated  by  the  impairment  of  the  conducting  functiona,  by  the  motor 
or  sensory  paralysia ;  to  aacertain  it  we  have  to  examine  the  functiona 
of  the  cord  aa  a  central  organ,  and  to  ascertain  how  far  they  are 
impaired  in  the  paralyaed  region — ^to  examine  especially  muacular 
nutrition  and  reflex  action.  The  atate  of  muacular  nutrition  and 
irritability  indicatea  how  far  the  anterior  comua  are  injured.  The 
relation  of  the  several  groups  of  muscles  to  the  cord  is  ^own  in  the 
first  column  of  the  table.  The  integrity  of  reflex  action  indicates  the 
integrity  of  the  reflex  loops,  and  the  study  of  the  superficial  reflexes  of 
the  trunk  is  especially  instructive  in  this  respect.  The  series  of  reflexes, 
and  the  relation  of  each  to  the  cord,  are  ahown  in  the  aecond  column 
of  the  table ;  the  muscle-reflex  contractiona  are  printed  in  italica  in  the 
position  which  corresponds  to  the  centres  and  nerve-roots  which  are 
eaaentialfor  their  production.  Excess  of  superficial  reflex  action  indi- 
catea loaa  of  the  cerebral  control  exerted  on  tiie  reflex  centrea,  and  con- 
aiderable  exceas  of  the  muade-reflexes  implies  impaired  function  of  the 
lowest  part  of  the  pyramidal  tracts,  and  generally  ahowa  the  exiatence 
of  a  deacending  degeneration  in  the  lateral  columna.  Beflex  action 
in  the  lega  may  be  abolished  for  a  few  hours  by  acute  disease  or 
injury  above  the  lumbar  enlargement,  in  consequence  of  inhibitory 
shock,  but  Boon  returns  if  the  lumbar  centres  are  intact.  As  already 
explained  (p.  264),  if  there  is  no  return  of  reflex  action  or  myotatic 
irritability,  their  absence  shows  that  the  lumbar  region  is  involved  in 
the  primary  lesion ;  secondary  extension  to  this  is  indicated  by  loss  of 
reflex  action  distinctly  subsequent  to  the  onset.  If  such  loss  occurs 
without  wasting  and  loss  of  faradic  irritability  in  the  muscles,  it 
shows  that  the  disease  in  the  lumbar  region  is  limited  to  the  posterior 
columna  or  comua.* 

*  ▲  few  Miei  have  been  met  with  in  which  a  transTene  lesion  of  the  donal 
cord,  etp'^finlly  a  trantvcrMe  concnssion-niyelitis,  without  pott-inortem  signs  of 
lumbar  iitllammatioii,  haa  canaed  a  persistent  loea  of  reflex  Mtlon  In  the  legs.    In 
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The  f aet  of  ehief  impartajioe  ib  that  dorsal  oord  disaaae^  the  ; 
commoiii  form,  causes  bo  persistent  loss  of  reflex  actioa  m  ths  legs, 
and  that  for  such  loss  special  causes  must  be  sought. 

UnUateral  ledons  interrupt  the  motor  path  to  the  muscles  ob  the 
same  side  as  the  lesion,  causing  one-sided  palsy,  termed  "  spinal  hemi- 
plegia*' when  the  disease  is  so  high  as  to  affect  both  arm  and  leg, 
**  hemiparaplegia  "  when  it  is  lower,  and  affects  one  leg  onlj.  There 
is  often  some  loss  of  power  on  the  opposite  side,  which  maj  be  due 
either  to  slighter  damage  to  the  other  side  of  the  cord  (since  few 
lesions  are  strietlj  unilateral)  or  to  damage  to  non-decussating  fibres. 
Conyerselj,  the  paralysis  of  the  leg  may  be  incomplete  when  that  of  the 
.  arm  is  complete,  owing  to  the  escape  of  the  fibres  for  the  leg  which 
cross  lower  down  the  oord.  Sensation  is  affected  on  the  opposite  side, 
but  not  quite  up  to  the  leyel  of  the  lesion,  because  the  decussation  of 
the  sensory  tract  is  not  immediate,  but  occurs  somewhat  above  the 
entrance  of  the  nerves.  The  upper  level  may  vary  for  different  fonns 
of  sensibility,  in  consequence  probably  of  the  level  ol  crossing  (in  rela* 
tion  to  entrance)  being  different  for  the  several  paths.  A  lesicm  in 
one  side  of  the  lumbar  enlargement  often  affects  sensation  on  the 
same  side  as  motion,  because  it  damages  the  sensory  path  before  it 
has  crossed.  In  all  cases  g£  crossed  motor  and  sensory  paralysis  the 
sensibility  of  the  miisdes  differs  from  the  other  forms  of  sensibility; 
and  if  it  is  affected  on  one  side,  this  is  the  side  of  the  motor  palsy,  and 
not  of  the  cutaneous  anaesthesia.* 

The  crossed  affection  of  cutaneous  sensibility  may  involve  all  f oime 
of  sensation  or  only  some  of  them.    Sensibility  to  pain  is  almost  iup 

these  oases,  however,  there  has  heen  not  only  loss  of  the  mnscle-reftitx  action,  bat  also 
of  the  skin  reflexes^  a  elear  indioAtion  of  an  exceptional  oondition.  Xoreo?er  there  has 
siso  in  other  oases  been  loss  of  faradio  irritability  and  rapid  mnscalar  wasting, — in 
sbort»  there  have  been  all  the  iodicationa  of  a  Inmbar  myelitis.  The  nMMt  probable 
explanation  of  these  cases  is  that  the  descending^  degeneration  of  tiie  pyramidal 
tract  has  been  more  than  usnally  irritative  in  nature^  so  as  practically  to  amount  to 
ft  parenchymatotis  inflammation,  and  that  this  has  invaded  the  motor  stmctures  as 
ft  nutritional  ehange,  sntficient  to  abolish  their  function,  without,  however,  destroy* 
iB((  their  form.  In  one  aneb  ease  it  waa  noted  that  the  Inmbar  nerve  elements 
were  extremely  granular  in  aepect.  For  a  different  explanation  of  these  cases  see 
Bustian,  'Med.-Chir.  Trans.,'  1890;  Brons, '  Nenrol.  Gentraib.,'  1805^  and  *Aroh* 
f.  P«yoh.,*  zxv ;  and  Egger, '  Arch.  f.  Psyebiat.,'  xxvii ;  see  also  note,  p.  264. 

*  This  was  first  pointed  out  by  Brown-S^qusrd  in  bis  important  study  of  these 
cases.  Scepticism  has  been  expressed  as  to  tlie  fact,  based  on  a  denial  that  the 
test  commonly  employed*  recognition  of  posture,  is  significant.  Experiments  on 
animals,  even  monkeys,  are  inconclusive,  bnt  the  evidence  from  cases  in  man  is  very 
stroQg,  not  only  of  the  occurrence  of  the  loss,  but  of  the  signiflcanoe  of  the  test.  In 
some  cases,  moreover,  the  muscles  were  insensitive  to  pressure.  One  recorded 
instance  is  the  following  t — A  stab  in  the  dorsal  region  caused  loss  of  cutaneous  sen- 
sibility in  the  right  leg  and  motor  palsy  in  the  left.  On  the  left  side,  on  whiefa 
cutaneous  sensibility  was  normal,  the  sense  of  posture  was  absolutely  lost,  while  it 
was  present  on  the  right  side,  on  which  cutaneous  sensibility  was  impaired.  The 
patient  often  thought  the  left  leg  was  flexed  when  it  was  extended.  Ultimately  this 
leg  presented  distinct  fttazy.     (Oilbert, '  Arch,  de  N^vrologie,'  1882,  p.  275.) 
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TanaUj  impaired.  The  temperattire  sense  is  usnallj  affected  with 
that  for  pain ;  in  only  two  of  twenty  recorded  cases  (in  which  the 
affection  of  sensihOity  was  caratully  noted)  was  the  sense  of  tempera- 
ture normal,  and  that  of  pain  impaired,  and  in  neither  of  these  cases 
was  the  sensibHiiy  to  pain  actually  lost.  On  the  other  hand,  in  one 
third  of  the  cases  tactile  sensibility  was  nnafEected,  and  in  about  one 
tenth  of  the  cases  it  was  impaired  on  both  sides. 

Cutaneous  sensibiliiy  is  sometimes  impaired  in  a  zone  at  the  level 
of  the  lesion,  and  on  the  same  side,  in  consequence  of  the  damage  to 
the  nerve-root«  entering  the  cord,  and  above  this  there  may  be  a 
narrow  band  of  hypenesthesia  from  irritation  of  the  roots  at  the 
upper  part  of  the  lesion.  On  the  side  of  the  lesion,  below  the  an»s- 
thetic  zone,  there  is,  in  most  cases,  a  remarkable  hypersesthesia,  corre- 
sponding in  distribution  with  the  ansesthesia  on  the  opposite  side. 
Painful  impressions  are  felt  most  acutely,  and  even  a  touch  on  the 
skin,  or  warm  or  cold  bodies,  produce  pain.  The  cause  of  this 
hypersesthesia  is  obscure.  Both  it  and  the  opposite  loss  of  sensibility 
may  last  for  twenty  years,  and  it  cannot  be  ascribed  therefore  to  any 
irritation  by  the  morbid  process.  It  is  perhaps  due  to  an  altered 
action  of  tiie  cerebral  centres  on  the  opposite  side  of  the  brain. 
There  is  much  eyidence  of  an  intimate  connection  between  the  sensory 
centres  on  the  two  sides,  and  it  is  conceivable  that  the  altered  func- 
tional state  of  the  centre  on  the  side  of  the  lesion,  to  which  impression! 
cease  to  come,  may  induce  in  the  opposite  hemisphere  a  condition 
expressed  as  hypersesthesia.  The  condition  may  be  thought  of  in 
idation  to  the  peculiar  phenomena  of  transfer  in  hysterical  hemi- 
ansBsthesia. 

Beflex  action  is  increased  in  all  its  forms  on  the  side  of  the  lesion, 
but  the  increase  only  occurs  after  some  days.  Atfirst  it  is  lessened  or 
even  abolished,  no  doubt  from  the  inhibitory  influence  of  the  irritation 
of  the  morbid  process. 

The  side  below  the  lesion  is  at  first,  for  some  days  or  even  weeks, 
warmer  than  the  other,  the  difference  being  usually  about  a  degree 
Fahrenheit.  In  the  course  of  time  this  difference  passes  away,  and 
the  side  may  even  be  colder  than  the  other. 

These  symptoms  may  be  shown  in  the  form  of  a  tablet 


of  eat.  hypenwtheibu 


Motor  paUy. 
HypenMthwia  of  tldii, 
Mnsealmr  miim  impairedL 
Ri^flez  Mtion  first 

inereMod. 
Tempomtaro  niMd* 


MuseaUr  power  normal. 
LoM  of  lentibility  of  tkiii. 
Hutcnlar  lenM  nomial. 
fieilex  action  normal. 

Temperature  nme  as  that 
above  lesion. 


YOL.  I. 
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The  Tertical  diiiribution  of  the  symptoins  varies  according  to  the 
vertical  position  of  the  lesion.  Their  relations  are  best  marked  when 
the  lesion  is  in  the  dorsal  region  of  the  spinal  cord.  When  it  is  in 
the  cervical  or  lumbar  enlajrgement  the  upper  limit  is  less  distinct 
because  of  the  complex  representation  of  skin  and  muscle  in  the 
nerve-roots. 


GBSBRAL  FATSOLOBTAND  BTIOLOBTi  INDICATIOSS  OF  TSB 
NATURE  OF  TSB  LBSIONt  PATROLOQlCAL  DIAQN0S18. 

The  kinds  of  disease  to  which  the  spinal  cord  is  liable  are  not 
specifically  numerous,  but  those  which  are  common  present  several 
varieties.  The  processes  are  congestion  and  aTimmia,  hemorrhage, 
inflammation,  degeneration,  and  growths.  Hssmorrhage  and  growl^s 
are,  on  the  whole,  rare.  Congestion  plays  an  uncertain  part  in  the 
production  of  symptoms;  its  influence  has  been  certainly  overrated 
by  some  writers,  and  perhaps  under-estimated  by  others.  Anipmia 
is  now  known  to  be  sometimes  associated  with  certain  definite 
changes  in  the  spinal  cord,  and  it  is  possible  that  it  may  occa- 
sionally give  rise  to  symptoms  without  producing  gross  disease.  The 
most  frequent  lesions  are  inflammation  and  degeneration.  These  two 
processes,  distinct  in  their  typical  forms,  blend  in  their  intermediate 
varieties.  Inflammation  varies  much  in  character  and  course.  Its 
effects  are  in  some  cases  produced  with  great  rapidity,  in  other  cases 
with  extreme  slowness.  It  probably  commences  in  most  instances 
outside  the  nerve-elements,  which  are  secondarily  involved.  Perhaps 
some  acute  processes  in  the  nerve-elements  themselves  are  most  accu- 
rately regarded  as  a  parenchymatous  inflammation,  analogous  to  that 
whidi  we  know  occurs  in  the  fibres  of  the  peripheral  nerves.  Degene- 
ration consists  of  two  processes,  a  wasting  of  the  nerve-structures,  cells 
and  fibres,  and  an  ovei'growth  of  the  connective-tissue  elements.  The 
latter  leads  to  the  condition  termed  sclerosis.  The  name  has  been 
given  to  it,  apparently,  because  the  process  is  one  that,  in  other 
organs,  increases  their  consistence.  In  the  cord  it  has  not  often  this 
effect.  The  newly  formed  connective  tissue  is  rarely  of  greater  firm- 
ness, and  is  often  less  firm,  than  the  nerve-elements  it  replaces.  In 
sclerosis,  however,  we  must  distinguish  two  types.  In  one  the  process 
is  limited  to  structures  that  have  the  same  function;  the  process 
begins  as  a  degeneration  of  the  nerve-elements,  and  the  overgrowth 
of  the  connective  tissue  is  a  consequence  of  their  wasting—  the  affection 
is  essentially  **  parenchymatous."  The  so-called  "  secondaiy  degene- 
rations "  are  of  this  character ;  but  similar  changes  are  often  primaiy, 
and  affect  the  structures  that  have  the  same  function,  often  through  a 
eonsiderable  extent  of  the  cord.  Hence  they  are  termed  "  system 
diseases."     In  the  other  type  the  morbid  changes  are  not  distributed 
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according  to  fanctioiL  Thej  are  apparentlj  random  in  incidence,  and 
inyolye  adjacent  BtracttiTes  in  consequence  of  contigoitj.  These  begin 
in  the  connectiTe  tissue  and  not  in  the  nerye-elements,  which  suffer 
secondarily.  They  are  essentially  interstitial  processes.  Insular 
sclerosis  is  an  example  of  this  type. 

The  poBition  of  tba  islets  of  ■cleroeis  has  no  relation  to  the  fnnotion  of  the 
parte,  and  may  inTolve  parts  of  adjacent  stmctnres  that  have  no  oommon  func- 
tion. Areas  of  diffuse  nclerosis  are  also  met  with  which  have  not  the  sharp 
limitation  of  the  insular  form,  and  are  re^i^arded  by  some  as  of  the  natnre  of 
ohronic  sclerotic  inflammation.  If  such  a  lesion  is  so  situated  as  to  iuTolve 
fibres  that  undergo  secondary  degeneration^  this  necessarily  results  when  the 
damage  to  the  fibres  is  sufficiently  great.  We  have  then  a  combination  of  the 
random  and  systemic  forms  of  sclerosis,  but  one  that  baa  no  real  pathological 
aignificanoa. 

There  are,  boweTor,  other  relationa  between  the  two  types  that  deserre 
attention.  These  will  be  considered  in  connection  with  the  special  morbid 
processes  that  present  them,  but  a  brief  mention  of  them  here  may  make  some 
facts  of  other  diseases  more  intelligible.  The  process  of  secondary  degeneration 
and  seoondaiy  sclerosis  varies  in  its  character,  presenting  in  some  rases  a 
greater  amount  of  vascular  disturbance  than  in  others.  It  seems  to  partake  of 
the  character  of  the  lesion  oausing  it,  as  we  have  seen  (p.  73)  the  process 
of  secondary  degenaration  in  the  nerves  may  do.  The  same  difference  Is  seen 
in  the  primary  degenerations,  such  as  occur  in  tabes.  This  difference  is 
analogous  to  that  which,  as  already  described,  occurs  in  soma  varieties  of 
multiple  neuritis.  We  can  indeed  see  the  difference  in  the  eye:  tabetic 
optic  nerve  atrophy,  in  moat  cases,  presenta  no  aign  of  inflammation,  while  in 
others  the  early  stage  may  be  accompanied  by  distinct  slight  neuritis,  to  be 
seen  with  tba  ophthalmoscope.  Secondly,  the  chronic  inflammations,  with  the 
diffuse  limitation,  extending  to  adjacent  structures  irrespective  of  function, 
have  yet  aometimea  a  marked  tendency  to  be  localised  in  structures  of  definite 
function.  Thna  there  ia  sometimes  diiffuse  soleroeia  of  the  lateral  pyramidal 
traota  and  posterior  median  columns,  not  sharply  limited  to  these,  and  yet  with 
a  correspondence  and  aymmetry  not  to  be  overlooked.  Thus  the  two  processes 
tend  to  meet;  the  systemic  degeneration  or  sclerosis  to  be  diffuse;  the 
diffuse  inflammation  or  sclerosis  to  be  systamio;  and  it  ia  aometimea  not 
easy  to  say,  from  mere  microscopic  examination,  to  which  olaaa  a  lesion 
belongs.  Lastly,  there  is  a  curious  fact,  which  has  been  strangely  overlooked 
although  attention  waa  first  called  to  it  by  Charcot — ^that  inflammation 
may  extend  from  a  primary  leaion  along  a  tract  that  undergoea  aecondary 
degeneration,  but  in  the  opposite  direction  to  that  of  the  degeneration.  It  is 
very  oommon  for  the  inflammation  at  a  given  place  in  the  cord,  especially  that 
due  to  compression,  to  extend  farthest  along  certain  tracts,  irrespective  of  their 
secondary  degeneration,  and  in  some  cases  this  extension  ooonrs  through  a  con* 
aiderable  extent  of  the  cord.  An  ascending  inflammation  limited  to  the  pyra- 
midal tracts  may,  for  instance,  be  traced  through  several  segments.  The  fact 
auggests  that  the  neuroglial  elements  may  share  to  soma  extent  a  difference 
that  obtaina  between  the  fibrea  of  different  tracta,  and  it  may  aaaily  lead,  and 
probably  baa  led,  to  erroneous  conclusions. 

Softening  of  the  spinal  cord  is  yery  common.  Whenever  the  nerre- 
fibres  are  broken  up  into  disconnected  globules  of  myelin,  separated 


276  8PIKAL  CO UD. 

bj  semm  in  a  sort  of  emuldion,  the  oonsistenoe  of  the  part  is  neoM* 
sarilj  lessened.  Acute  inflammation  always  causes  such  a  breaking 
up  of  the  ner^e-fibres,  and  hence  inflammation  always  causes  softening 
as  its  first  effect.  The  separate  particles  are  augmented  by  leucocytes, 
which  escape  abundantly  into  the  tissue.  Ultimately  connective-tissue 
elements  are  formed,  which  increase  the  consistence,  it  may  be  up  to/ 
and  even  beyond,  the  normal  degree.  In  a  very  chronic  inflammation 
the  formation  of  new  tissue  may  proceed  pari  pasm  with  the  destruc- 
tive process,  and  there  may  be  at  no  time  much  diminution  of 
consistence.  It  is  in  these  cases  that  it  is  difficult  to  draw  the  line 
between  inflammation  and  degeneration. 

Does  such  softening  of  the  cord  occur  apart  from  inflammation  ? 
The  question  is  not  easy  to  answer.  In  the  brain  necrotic  softening 
is  very  common  as  a  consequence  of  arterial  obstruction — is  indeed  the 
common  form  of  softening.  But  in  the  spinal  cord  we  have  no  such 
distinct  evidence  of  the  occurrence  of  necrotic  softening.  If  embolism 
occurs,  it  is  excessively  rare.  The  course  of  the  vessels  does  not 
favour  the  passage  of  a  plug  into  them,  while  the  vertical  connection 
in  the  anterior  spinal  and  anastomotic  arteries  (see  p.  227)  will  prevent 
damage  from  obstruction  in  the  central  system  unless  this  is  situated 
in  the  terminal  vessels  of  the  grey  matter.  Arterial  thrombosis,  due 
to  atheroma  of  the  walls  of  the  vessels,  such  as  is  so  common  in  the 
brain,  probably  does  not  occur  in  the  cord.  The  arteries  are  smaller 
than  those  in  which  atheroma  is  met  with  in  the  brain,  and  the  low- 
ness  of  the  blood-pressure  within  them  involves  the  absence  of  the 
chief  cause  of  atheroma.  It  is  likely  that  spontaneous  thrombosis 
occurring  in  vessels  affected  with  syphilitic  endarteritis  sometimes  sets 
up  the  changes  that  are  now  regarded  as  those  of  primary  inflamma- 
tion; and  such  a  lesion  has  actually  been  met  with,  but  we  have 
no  evidence  of  its  frequency.* 

Besides  the  morbid  processes  to  which  the  cord  itself  is  liable,  it 
suffers  also  in  consequence  of  disease  outside  it.  It  may  be  com- 
pressed by  growths  springing  from  the  membranes  or  bones,  and  by 
products  of  inflammation  within  the  spinal  canaL  Compression  not 
only  causes  degeneration  of  the  nerve-elements,  but  usually  excites 
actual  inflammation.  This  "compression-myelitis"  may  attain  a 
degree  and  an  acuteness  out  of  all  proportion  to  the  causal  compres- 
sion. The  membranes  may  be  the  seat  of  hemorrhage  which  com- 
presses the  cord,  or  inflammation  which  irritates  it,  even  when  the 
organ  is  not  invaded  in  appreciable  degree. 

The  series  of  recognised  lesions  of  the  spinal  cord,  obvious  or  micro- 
scopic, does  not  by  any  means  exhaust  the  list  of  its  morbid  states. 
Changes  may  occur  in  the  nutrition  of  its  elements  interfering  with 
their  function,  which  are,  and  are  likely  to  remain,  altogether  beyond 
our  means  of  detection.  Such  morbid  states  are  often  called  ''  funo- 
tional  diseases,"  but  when  prolonged  they  are  probably  more  accurately 
•  inmBmMm, '  iMncet/  1894. 
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•oonceiyed  M  nutritioiial  diseases  (see  p.  1).  Deiajagemeuts  of 
function  that  we  can  regard  as  purely  such  are  few  and  rare.  But 
•disturbanoes  of  function  may  be  due  to  organic  disease  in  some  other 
part  of  the  nenrous  system,  and  thej  may  ahK)  be  the  result  of  toxic 
Agents. 

Lastly,  functional  action  in  all  or^ns  is  attended  with  increased 
blood-supply ;  and  when  excessive,  the  yascular  disturbance  may  go  on  to 
a  condition  indistinguishable  from  inflammation,  with  escape  of  leuco- 
-cytes,  &c.  The  prolonged  experimental  stimulation  of  sensozy  nerves 
has  actually  produced  myelitis  in  the  related  portion  of  the  cord. 

In  connection  with  the  general  pathology  of  diseases  of  the  spinal 
-cord,  it  it  important  to  note  certain  general  facts  of  their  causation : — 
{!)  Neuropathic  disposiUati, — ^An  inherited  tendency  to  disease  of  the 
nerre-elements,  manifested  by  such  affections  as  epilepsy  and  insanity. 
This  cause  is  chiefly  influential  in  producing  the  structural  and 
nutritional  diseases,  beginning  in  the  nerve-elements,  and  especially, 
among  structural  diseases,  the  ''system-degenerations,'*  as  they  are 
^sailed.  (2)  Prolonged  mental  dietress  sometimes  sets  up  degenerative 
<:hanges  in  some  elements  of  the  cord,  especially  in  persons  who  are 
predisposed  by  (1).  (3)  Injury. — ^A  severe  concussion  of  the  cord 
may  cause  (a)  instant  grave  damage,  usually  hsemorrhage.  Or  (6)  it 
may  cause  no  immediate  effect,  but  symptoms  may  come  on  at  the 
«nd  of  a  few  days  and  progress  slowly  or  rapidly.  Such  symptoms 
are  usuaJly  due  to  inflammation,  secondary  to  minute  spots  of  injury, 
too  small  to  cause  direct  symptoms.  Lastly,  (e)  the  concussion 
sometimes  seems  to  pervert  the  process  of  nutrition  in  the  nerve- 
elements.  Slow  symptoms  of  impaired  function  may  result,  and 
these  may  progress  until,  after  months  or  years,  there  is  actual 
structural  disease.  Similar  effects,  especially  the  graver  varieties,  are 
met  with  as  a  result  of  lessened  atmospheric  pressure  in  divers  and 
workers  in  caissons.  (4)  Exposure  to  cold, — Wet  cold  is  especially 
effective.  The  most  frequent  effect  of  a  severe  exposure  is  acute 
inflammation,  but  habitual  exposure  may  produce  chronic  inflamma- 
tion, or  degenerative  disease.  The  exposure  that  is  effective  may  be 
general,  or  chiefly  of  the  feet  and  legs,  occasionally  of  the  back.  (5) 
The  spinal  cord  appears  also  to  be  the  seat  of  primary  infection  as 
in  epidemic  cerebro-spinal  meningitis,  tetanus,  and  possibly  acute 
anterior  polio-myelitis.  (6)  Toxic  agents  that  can  act  on  the  cord  are 
numerous,  and  are  seen  in  alcoholism  and  lathjrism.  (7)  Other 
dUeasee  may  also  induce  morbid  changes  in  the  spinal  cord.  The 
primary  malady  may  be  an  acute  speciflc  disease,  or  some  more 
obscure  blood-state,  the  precise  nature  and  relations  of  which  are  still 
undecided.  It  is  probable  that  certain  blood-states  doe  to  an  organ- 
ised virus  excite  some  forms  of  inflammation  of  the  cord  and  of  its 
membranes,  just  as  it  may  cause  inflammation  of  the  peripheral  nerves. 
SepUcsemia  may  excite  meningitis,  or  even  abscoss  of  the  cord  itself. 
Taberde  is  common  on  the  membranes,  but  seldom  produces  inflam- 
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mation.  Diphtheria  maj  cause  acute  changes  in  the  nerre-cells  and 
nerve-roots.  Qonorrhcea*  has  produced  myelitis,  and  such  diseases 
as  variola,  typhus,  <&c.,  have  been  followed  bj  cord  inflammation. 
SjphiUs  is  a  vexy  frequent  cause  of  disease,  and  may  act  in  several 
ways.  The  demonstrated  mechanisms  are  (a)  by  a  syphilitic  growth 
compressing  or  invading  the  cord,  (b)  by  diangeq  in  the  cord 
resulting  from  thrombosis  occurring  in  diseased  vessels,  and  (c)  by 
chronic  syphilitic  meningitis,  damaging  the  cord  and  the  nerve-roots. 
But  (d)  acute  and  chronic  inflammations  of  the  cord  are  often  met 
with  in  syphilitic  subjects,  and  have  been  thought  to  be,  in  many 
instances,  of  syphilitic  origin.  It  is  doubtful  whether  they  present 
any  syphilitic  characters,  i.  b.  any  histological  features  by  which  they 
differ  from  non-syphilitic  inflammations.  The  evidence  of  dependence 
on  syphilis  is  stronger  in  the  case  of  chronic  and  subacute  disseminated 
inflammation  than  in  the  case  of  acute  myelitis.  It  may  be,  however, 
that  inflammations  due  to  other  causes,  s.  g.  exposure,  run  a  more  acute 
course  when  they  affect  syphilitic  subjects.  The  part  thus  played  by 
Fyphilig  in  lessening  the  resisting  power  of  the  organism  may  be 
shared  by  other  factors,  such  as  malnutrition  and  excesses  of  various 
kinds.  Lastly,  (e)  certain  degenerative  diseases  of  the  cord  are  veiy 
commonly  preceded  by  syphilis ;  one  of  them,  locomotor  ataxy,  so 
frequently  that  a  causal  relation  between  the  two  can  scarcely  be 
doubted.  But  these  degenerative  diseases  are  certainly  not  syphilitio 
in  nature ;  they  differ  in  no  respect  from  the  similar  morbid  processes 
that  occur  in  individuals  who  have  not  had  syphilis,  and  are  probably  the 
consequence  of  some  toxin  left  behind  by  the  morbid  agency  to  which 
the  constitutional  malady  is  due.  (8)  Excessive  muscular  exertion 
has  been  held  to  play  a  part  in  the  generation  of  chronic  disease  of  the 
cord.  This  view  has  of  late  derived  some  support  from  experiments 
upon  animals.t  (9)  Pathological  changes  in  the  cord  are  known  to 
result  from  the  amputation  of  limbs.  These  have,  however,  no 
clinical  significanca 

The  outline  just  given  of  the  general  pathology  and  etiology  of 
diseases  of  the  spinal  cord  will  enable  us  to  consider  the  last  element 
in  diagnosis,  the  nature  of  the  lesion.  The  seat  of  the  disease  is 
indicated  by  the  combination  of  symptoms;  its  nature  can  only  be 
determined  by  considering,  separately  and  together,  several  other 
points: — (1)  The  way  in  which  the  symptoms  came  on.  (2)  The 
causes  that  can  be  traced,  taken  in  conjunction  with  the  known  effects 
of  those  causes.  (3)  The  seat  of  the  disease,  taken  in  conjunction 
with  the  known  liability  of  certain  structures  to  certain  lesions.  The 
most  important  of  these  elements  is  the  mode  of  onset,  and  the  other 
indications  should  only  be  used  in  strict  subordination  to  this. 

*  Oowen,  'Clinical  Lectnrei  on  Nervous  Diseases/  p.  119;  also  Leyden  and 
Qoldscheider, '  Die  Erkrankungen  des  Rfickenmarkes,'  p.  869. 

t  Independently  by  O.  Rosenbacb  and  Edinger  (see  Edlnger  and  HelMng, 
*  Verhandlangen  des  16  Cong,  f .  inner.  Med./  Wiesbaden,  1898). 
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The  tfane  occupied  b7  the  onset  of  the  disease  is  thus  the  first 
element  in  the  pathological  diagnosis.  Bj  ''time  of  onset''  is  meant 
the  period  that  elapses  between  the  actual  commencement  of  the 
symptoms  and  their  attainment  of  a  considerable  degree  of  intensity. 
We  maj  divide  the  chief  modes  of  onset  into  fiye  classes,  and 
classify  the  most  common  lesions  in  relation  to  them,  in  the  following 
table: 

DxsiASi.  Oksit.  DniASB. 

^jfewmlnote.)  L  Vascular  Won.. 

(few  hoars  or  days)       J  ") 
SuhatmU  [ 

(one  to  aix  weeke)  VlnfUmmatloii. 

Snbehronio  I 

(six  weeka  to  six  months)  J  1 
Chronie  V  Degeneration* 

(more  than  six  months)        J 


land 
growths 


A  lesion  of  sudden  occurrence,  the  symptoms  developing  in  the 
course  of  a  few  minutes,  is  almost  always  vascular,  commonly  hsBmor- 
rhage,  sometimes  perhaps  vascular  obstruction.  But  a  vascidar  lesion 
may  occupy  a  somewhat  longer  time  in  development — a  few  hours  or 
days.  In  acute  and  subacute  inflammation  the  symptoms  come  on  in 
the  course  of  a  few  hours,  a  few  days,  or  a  few  weeks.  Subacute  and 
chronic  inflammation  occupies  from  a  few  weeks  to  a  few  months. 
Degeneration,  in  which  there  is  no  adequate  evidence  of  any  inflam- 
matory process,  occupies  manj  months,  or  it  may  be  years.  The  sym- 
ptoms produced  by  tumours  which  invade  or  compress,  and  by  simple 
pressure  (traumatic  causes  excluded),  are  never  sudden  or  very  acute, 
and  rarely  very  chronic ;  the  time  occupied  by  the  development  of  the 
symptoms  vaiying,  according  to  the  nature  of  the  cause,  from  a  fort- 
night to  six  months. 

It  is  necessary  to  consider,  however,  not  merely  the  whole  time 
occupied  by  the  development  of  the  disease,  but  also  the  uniformity  of 
its  course.  Two  or  more  morbid  processes  may  concur.  An  initial 
myelitis,  for  instance,  may  lead  to  a  secondary  degeneration ;  and  on 
the  other  hand,  in  degenerated  tissues,  sudden  vascular  lesions  oc- 
casionallj  occur.  Pressure  produces  local  myelitlB,  which  may  be 
independent  of  the  pressure  in  its  development,  and  have  an  acute  or 
subacute  onset.  The  whole  course  of  the  disease  must  be  ascertained 
before  an  inference  is  drawn,  and  the  possibility  of  a  double  process 
must  always  be  kept  in  view. 

The  onset  and  course  of  the  symptoms  thus  sometimes  enable  us  to 
decide  at  once  that  a  lesion  is  of  a  given  character,  as  that  one  which 
occurs  instantly  is  vascular,  or  tbat  one  Vhich  takes  years  for  its 
development  is  degenerative.  More  frequently  they  enable  us  to 
exclude  certain  morbid  processes,  and  to  restrict  the  possible  lesion  to 
two  or  three  forms.    For  instance,  a  lesion  which  comes  on  in  the 
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oourse  of  a  few  hours  must  be  either  vasculaj  or  Inflammatoiyc 
Between  these  we  haye  to  decide  hj  attention  to  other  indications. 

In  actual  diagnosis  it  is  convenient  to  consider  next  the  indication 
afforded  by  the  position  and  distribution  of  the  disease.  We  consider 
what  diseases  occur  in  this  situation,  and  then  which  of  them  have  the 
mode  of  onset  that  has  been  ascertained.  Th^s  indication  involyes  a 
knowledge  of  the  various  diseases  and  their  seat  The  most  important 
consideration  is  that  a  wide  range  of  symptoms  jf  uniform  character 
indicates  the  affection  of  a  definite  system  of  structure,  and  in  most 
instances  a  disease  commencing  in  the  nerve-elements,  and  if  the 
onset  be  chronic  we  may  feel  sure  that  it  is  a  degeneration.  On  the 
other  hand,  the  involvement  of  many  functions  suggests  a  random 
process,  such  as  inflammation  or  pressure.  But  this  indication  is 
always  to  be  subordinated  to  the  mode  of  onset.  Thus  the  limitation 
to  a  single  structure  does  not  exclude  inflammation :  this  may  affect, 
for  instance,  the  anterior  grey  matter  only,  and  cause  corresponding 
symptoms. 

The  symptoms  may  indicate  a  morbid  process  limited  to  one  half  of 
the  cord,  but  this  does  not  materially  modify  the  diagnostic  method. 
Almost  any  process  may,  in  rare  cases,  be  thus  limited.  System 
degenerations  and  acute  inflammations  are  least  f  requentiy  unilateral, 
and  they  never  reach  a  considerable  degree  of  intensity  on  one  side 
without  some  affection  of  the  other  side  On  the  other  hand,  tumours 
and  foci  of  chronic  myelitis  are  often  one-sided,  and  still  more  often 
affect  one  half  of  the  cord  first  and  then  the  other. 

Indication  of  disease  outside  the  cord,  irritation  of  certain  nerve- 
roots,  causing  severe  local  pain,  often  precedes  the  symptoms  of  com- 
pression, and  is  an  important  aid  to  diagnosis.  It  shows  the  existence 
of  a  morbid  process  outside  the  cord  before  the  cord  is  involved.  But 
we  cannot  use  even  this  indication  except  in  dependence  on  the  mode 
of  onset.  A  disease,  as  a  growth  outside  the  cord,  may,  as  we  have 
seen,  not  only  compress  the  cord,  and  cause  slow  loss  of  power ;  it 
may  excite  inflammation  and  cause  rapid  paLsfy. 

The  last  element  in  the  pathological  diagnosis  is  the  detection  of 
any  influence  which  can  be  regarded  as  the  cause  of  the  disease  in  the 
spinal  cord,  or  any  associated  condition  which  may  indicate  an  active 
morbid  process.  We  have  seen  that  the  mode  of  onset  may  help  us 
to  limit  the  disease  to  certain  possible  forms  of  lesion ;  the  distribu- 
tion of  the  affection  may  render  it  probable  that  it  is  one  or  other  of 
these  forms ;  and  the  detection  of  a  cause  and  the  knowledge  of  the 
lesion  which  that  cause  produces  may  help  us  to  carry  the  diagnosis  still 
further.  The  most  important  general  causes  of  disease  of  the  cord, 
and  the  processes  to  which  they  chiefly  give  rise,  have  been  already 
mentioned.  The  causal  element  in  diagnosis  is  chiefly  an  application 
of  those  facts. 

The  morbid  process  outside  the  spinal  cord  that  most  closely  simu* 
lates  its  disease  is,  unquestionably,  parenchymatous  multiple  neuribia 
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The  diagnosis  depends  on  a  thorough  knowledge  of  the  varied  sym- 
ptoms of  the  latter,  sinoe  its  elements  vary  according  to  the  difEerent 
manifestations  of  the  disease  of  the  nerres.  For  these,  and  for  any 
general  diagnostic  principles,  the  reader  is  referred  to  the  account  of 
that  disease. 

The  only  sure  ground  for  diagnosis  is  a  thorough  knowledge  of  the 
various  morbid  processes  and  their  symptoms ;  and  the  only  safe  plan 
is  to  work  by  these,  from  symptom  to  seat  and  onset  to  nature, 
treating  every  case  as  a  problem  to  be  worked  out  to  a  definite 
diagnosis,  and  only  then  comparing  the  result  with  the  types  of 
disease.  To  one  of  these  the  case  may  or  may  not  conform ;  if  it  does 
not,  the  comparison  with  types  as  a  means  of  diagnosis  will  only  leave 
the  observer  stranded  and  powerless. 

The  distinction  of  functional  and  nutritional  disease  from  organic 
lesions  may  conveniently  be  postponed  until  the  symptoms  of  the 
former  are  specially  described. 


SPECIAL  DISEASES  OP  THE  SPINAL  COED. 

DISEASES  OF  THE  VERTEBRAL  COLUMN. 

Diseases  of  the  bones  of  the  spine  fall  for  the  most  part  within  the 
province  of  surgery.  But  there  are  few  of  these  diseases  that  do  not, 
among  their  most  frequent  effects,  interfere  with  the  functions  of  the 
spins!  cord.  Hence  an  account  of  the  diseases  of  the  cord  would  be 
incomplete  without  soma  mention  of  the  morbid  states  that  begin  in 
its  bony  case. 


INJURIES  OF  THE  SPINE. 

Injuries  to  the  spinal  column  may  consist  of  punctured  wounds 
(which  need  not  be  considered  here),  concussion  (the  effects  of  which 
on  the  cord  will  be  considered  later),  and  fracture  or  dislocation  of 
the  vertebrse.  It  may,  however,  be  useful  briefly  to  describe  the  more 
salient  features  of  the  last  two  conditions,  their  relation  to  the  damage 
the  cold  sustains,  and  the  symptoms  thus  produced. 

Dislocation* 

Simple  dislocation  occurs  in  the  cervical  region,  most  frequently  at 
the  fifth  and  sixth  vertebne.  It  may  take  place  gradually  or  sudd^y : 
gradual  displacement  is  always  seoondaiy  to  disease  of  the  bones ; 
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iudden  displacement  may  occur  in  disease  or  from  injuxy.  The 
lam  age  to  the  cord  is  always  greatest  in  traumatic  displacement  of 
healthy  bones,  because  the  force  needed  to  produce  the  dislocation  is 
much  greater,  the  displacement  is  more  considerable,  and  the  effect 
on  the  canal  and  the  contained  cord  is  greater.  Displacement  may 
occur  in  any  direction :  it  usually  involyes  both  vertebral  articulations, 
but,  in  rare  cases,  it  is  oblique,  laTolving  one  articulation  only.  The 
common  causes  are  yiolent  blows  or  falls  on  the  head,  rarely  sudden 
rotation  of  the  head  while  a  weight  is  carried  upon  it.  The  symptoms 
are  a  lateral  or  forward  or  backward  displacement  of  the  head,  so 
that  the  chin  is  in  contact  with  the  shoulder  or  the  chest,  or  the 
occiput  with  the  nape  of  the  neck.  There  is  also  irregularity  of  the 
vertebral  spines,  usually  readily  detected.  The  cord  is  damaged  in 
most  cases,  and  the  symptoms  are  those  of  a  total  transverse  lesion 
in  the  situation  of  the  luxation.  It  may  be  merely  compressed, 
especially  in  cases  of  disease,  in  which  the  displacement  has  occurred 
with  little  force.  The  symptoms  of  paralysis  have  been  known  to 
pass  away,  in  such  a  case,  on  the  reduction  of  the  dislocation.  More 
commonly  the  cord  is  also  bruised,  with  extravasation  of  blood,  and 
secondary  myelitis  occurs  later.  In  such  cases,  if  the  patients  live, 
there  may  be  ansBsthesia  or  hypersesthesia  below  the  lesion,  with  total 
paralysis  of  the  limbs,  and  excess  of  reflex  action.  In  rare  instances 
the  cord  has  been  completely  divided.  In  still  rarer  instances  of  slight 
displacement  it  has  not  been  injured. 

Bupture  of  the  transverse  ligament  which  retains  the  odontoid 
process  may  permit  the  latter  to  compress  the  cord,  and  thus  to  cause 
instant  death.  This  often  results  from  sudden  suspension  by  the 
head,  as  in  crimiiftil  executions.  One  of  the  curiosities  of  surgical 
literature  is  a  case  related  by  Petit  in  which  a  man,  playing  with  a 
neighbour's  child,  lifted  it  up  by  the  head,  and  caused  instant  death 
by  rupturing  the  transverse  ligament.  The  father  of  the  child, 
entering  at  the  moment,  stabbed  the  man  with  a  knife,  the  blade 
of  which  passed  in  between  the  first  and  second  cervical  vertebras, 
divided  the  spinal  cord,  and  the  man  also  feU  dead.  Eupture  of  the 
ligament  has  also  resulted  from  raising  a  heavy  weight  with  the  head. 
The  treatment  of  dislocation  is  too  purely  surgical  to  be  described 
here. 

Fbactubb. 

All  organic  diseases  of  the  bones,  weakening  them,  predispose  to 
fracture.  Among  these,  one  is  of  special  medical  interest ;  the  ver- 
tebrse,  especially  in  the  lumbar  region,  may  share  the  rarefaction  and 
weakening  of  the  osseous  tissues  occasionally  produced  in  tabes,  and 
then  a  very  slight  traumatic  influence,  a  blow  or  wrench,  may  cause 
fracture.  The  force  needed  is  often  so  slight  as  to  fail  to  cause  dis- 
placement or  other  symptoms  except  local  pain,  and  symptoms  may 
only  supervene  at  a  somewhat  later  date.    Apart  from  disease,  the 
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Aoddeint  is  most  oommon  in  adults,  the  greater  elastidtj  of  the  yerte- 
bral  oolunm  in  children  giving  to  them  a  comparatiye  immunity.  Its 
cause  is  a  blow  or  fall  on  the  spine,  or  sudden  forcible  flexion.  In 
extremely  rare  cases  a  fracture,  ^suallj  slight,  has  resulted  from 
serere  muscular  exertion.  This  i  an  important  fact,  showing  that 
muscular  exertion  may  injure  the  spine,  and  may  lead  to  symptoms 
at  a  later  date.  Symptoms  of  such  injury,  in  slight  degree,  are  not 
uncommon. 

Fracture  may  occur  at  any  part  of  the  spine,  but  is  most  frequent 
at  the  fifth  or  sixth  cervical,  and  at  the  last  dorsal  or  first  limibar 
vertebrsB.  In  the  dorsal  and  lumbar  regions  the  bodies  are  broken 
in  two  thirds  of  the  cases,  but  in  the  cervical  region  the  arches  alone 
are  fractured  in  one  half.  Usually  there  is  a  displacement  of  the 
vertebral  column  at  the  seat  of  fracture.  Earely  the  bodies  may  b& 
crushed  without  displacement.  The  displacement  of  the  bone  involves 
a  narrowing  of  the  canal  and,  usually,  compression  of  the  cord.  This 
may  also  result  when  the  arches  only  are  driven  in.  But  the  cord 
may  be  seriously  damaged  when  there  is  no  permanent  narrowing  of 
the  canal,  as  in  Figs.  89  and  90.    The  dura  mater  is  rarely  torn  except 
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Fio.  89. — Fracture  of  the  first  lumbar  vertebra,  s  x.  Dura  mater.  There 
waA  no  permanent  narrowing  of  the  canal,  but,  aevertbeless,  the  spinal 
cord  was  greatly  damaged  at  the  spot|  see  next  flgore. 

by  a  splinter.  Blood  is  almost  always  extravasated  outside  the  dura^ 
mater,  often  in  considerable  quantity,  from  the  rupture  of  the  large 
veins  in  this  situation.  There  are  usually  only  small  extravasations 
in  the  pia  mater.  The  cord  is,  in  most  cases,  bruised  and  compressed 
by  the  lower  fracrm^nt  (Fig.  91).  Sometimes  it  is  flattened,  and  it 
may  even  be  divided,  all  nerve- substance  being  squeezed  out  of  the 
pia-matral  shtath  at  the  spot.  In  the  case  shown  in  Figs.  89  and  90 
the  cord  appc  ired  to  have  been  split  longitudinally  at  the  spot,  perhaps 
by  the  mere  force  of  the  concussion.  It  is  very  common  to  have  local 
myelitis,  opposite  the  fracture,  without  any  permanent  narrowing  of 
the  canal  or  compression  of  the  cord ;  the  inflammation  seems  to  ba 
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the  direct  result  of  the  ooncussion.  Blood  may  be  extrayaaated  into 
the  bruiaed  part,  sometimes  in  minute  spots,  sometimes  in  larger 
hemorrhages,  and  even  into  the  central  canal.  These  changes  are 
usually  limited  to  the  spot  directly  damaged,  but  secondary  myelitis 
may  be  set  up,  and  sometimes  extends  beyond  the  contused  area.  It 
Fio.  90.  tiQ.  91. 


'\r 


Fio.  90. — Spinal  cord  damaged  by  tbe  fracture  shown  in  Pig.  Sd, 

ttdl" 


The  elements 
The  ascending 


of  the  cord  itself  are  ohan^red  beyond  the  possibility  of  identification, 
Regeneration  is  shown  in  Fig.  76. 

FiO.  91.— Fracture  of  tlie  body  of  the  fifth  dorsal  Tertebra  and  of  its  processes. 
<After  Gurlt.) 

may  even  extend  through  the  whole  length  of  the  cord  below  the 
injury,  and  then  its  central  functions  are  abolished.  In  cases  of 
some  duration  the  usual  ascending  and  descending  secondary  dege- 
nerations are  also  found.  It  is  important  to  note,  moreover,  that 
the  secondary  degenerations  have  sometimes  the  irritative  character 
already  described  (p.  272,  note),  and  that  an  ascending  inflammation 
may  for  a  short  distance  above  the  lesion  be  limited  to  a  tract  that 
degenerates  downwards  (see  p.  275).  Fig.  76,  p.  214,  represents 
sections  of  the  cord  from  the  case  of  fracture  figured  above.  Occa- 
sionally the  injury  leads  to  secondary  caries  of  the  bone,  with  all  its 
consequences. 

Symptoms. — Three  classes  of  symptoms  result.  (1)  The  local  indica- 
tions of  the  injury  to  the  spine.  (2)  There  may  be  certain  nervous 
symptoms  not  distinctly  due  to  the  damage  to  the  cord.  One  of  these 
is  general  shock,  which  may  be  so  great  as  to  entail  transient  loss  of 
-consciousness.  Vomiting  occasionally  occurs.  There  is  great  pain  in 
the  position  of  the  fracture,  rendered  very  intense  by  pressure,  and 
often  radiating  along  the  nerves  which  come  from  this  part,  the 
roots  of  which  are  compressed.  In  rare  cases  epileptiform  con- 
Tulsions  have  followed  fracture,  usually  at  an  interval  of  some  days. 
(3)  Symptoms  which  result  from  the  damage  to  the  cord,  and  con- 
sist in  paralysis  of  the  parts  below  the  injury.     Its  character  depends 
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on  the  ftmoimt  of  damage*  If  this  is  considerable,  there  is  both 
motor  and  sensory  paralysis  np  to  the  leyel  of  the  lesion,  with  loss  of 
power  over  the  sphincters.  Beflex  action  is  lost  at  the  lerel  of  the 
lesion,  and  the  examination  of  the  trunk-reflexes  often  gires  important 
information  regarding  the  extent  of  the  damage,  when  this  is  in  the 
dorsal  region.  Below,  reflex  action  is  usuallj  diminished  or  lost, 
probably  because  the  centres  are  impaired  by  descending  myelitis. 
Spasmodic  twitchings  sometimes  occur  in  the  limbs  immediately  after 
the  injury,  and  priapism  is  the  rule,  especially  if  the  lesion  is  cervical. 
The  pains  are  seyere  in  the  arms  when  the  fracture  is  opposite  the 
cervical  enlargement,  and  in  the  legs  when  at  or  below  the  lumbar 
enlargement,  so  as  to  damage  the  nerve-roots.  In  these  cases  there 
may  be  rapid  wasting  of  the  muscles,  with  loss  of  electric  irritability. 
There  is  usually  at  first  incontinence,  afterwards  retention  of  urine, 
but  the  former  ih  persistent  if  the  lumbar  centres  are  damaged. 
Cystitis,  bedsores,  Ac.,  may  supervene.  Ultimately,  if  the  damage  is 
aboTe  the  lumbar  enlargement  and  the  patient  lives,  there  may  be 
increased  myotatic  irritability  in  the  limbs,  progressing  to  spasm,  so 
that  spastic  paraplegia  results.  In  many  cases  in  which  the  knee-jerk 
is  at  first  lost  it  may  be  months,  or  even  years,  before  it  returns. 

Special  symptoms  result  when  the  injury  is  in  certain  parts  of  the 
•pine.  Fracture  of  the  first  two  cervical  vertehrso  causes  instant  death, 
tmless  the  displacement  is  very  slight,  and  even  then  there  is  imminent 
danger  of  further  displacement,  with  the  most  serious  consequences, 
on  any  incautious  voluntary  movement.  With  slight  displacement 
persona  have  been  known  to  live  for  weeks,  and  then  die  fxx>m  secon- 
dary myelitis;  they  have  even  recovered  altogether.  Now  and  then 
there  is  no  compression  of  the  cord,  although  there  is  distinct  displace- 
ment, even  sufficient  to  be  recognised  in  the  pharynx  (Leyden).  In 
such  a  case  death  hap  resulted  at  a  later  period  from  caries.  The 
characteristic  symptoms  are  local  pain,  increased  by  all  movements 
(which  are  rendered  almost  impossible),  displacement,  and  spinal 
symptoms.  The  latter  may  be  slight — ^merely  difficulty  in  breathing 
or  swallowing — or  considerable,  and  involving  the  trunk  and  limbs. 
Sometimes  there  is  hyperpyrexia.  Not  more  than  one  case  in  fifty 
recovers. 

Middle  Oerviedl  Vertebrm. — ^The  third,  fourth,  and  fifth  vertebrsB  are 
most  frequently  fractured,  When  the  injury  to  the  cord  is  consider- 
able, death  usiuJly  occurs  very  rapidly,  because  the  roots  of  the  phrenic 
nerve  are  inyolved,  the  intercostals  being  necessarily  paralysed  with 
the  parts  below.  In  some  cases  there  is  little  immediate  displacement, 
and  the  symptoms  are  slight  until  further  displacement  occurs  in 
some  movement.  Thus  a  man  who  had  met  with  an  injury  of  this 
kind  went  to  be  shaved ;  during  the  proceeding,  his  head  was  turned 
on  one  aide  by  the  barber,  with  the  unexpected  result  of  causing  dia- 
placement  of  the  fracture,  and  immediate  death.  When  the  fracture 
is  at  the  oerviM-dorta  J  region*  opposite  the  lower  part  of  the  cervical 
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enlargement,  the  arms  f  requentlj  escape  at  first,  the  early  paralysis 
being  confined  to  the  legs  and  muscles  of  the  trunk.  Respiration  is 
diaphragmatic  only.  After  a  few  days  the  arms  become  inyolyed,  but 
their  paralysis  is  often  partial,  affecting,  for  instance,  only  certain 
muscles,  as  the  extensors  of  the  hand,  and  it  is  often  accompanied  by 
local  spasmodic  movements.  Movements  and  pressure  cause  pain, 
and  there  is  local  muscular  rigidity.  The  head  may  be  in  normal  or 
in  abnormal  position.  Yaso-motor  disturbance  in  the  face  and  general 
hyperpyrexia  have  been  observed.  There  is  not  unfrequently  altera- 
tion in  the  joints,  especially  the  knee-joints,  apparently  the  result  of 
the  presence  of  fluid  in  theuL 

In  fracture  of  the  danal  vertehrm  (2 — 11)  the  arms  eeoape,  the  legb 
are  paralysed,  and  the  trunk-musdes  up  to  the  height  of  the  lesion. 
The  pain  in  the  trunk  may  be  very  severe.  There  is  hypenesthesia  or 
aniesthesia  in  the  parts  bdow.  The  reflex  action  in  the  legs  is  exces- 
sive; that  in  the  trunk  is  abolished  at  the  level  of  the  lesion.  The 
last  donal  and  firti  lumbar  vertebr»  are  fractured  more  frequently 
than  the  others,  and  there  result  paralysis  of  the  legs,  complete  or 
inegnlar»  severe  pains,  tingling,  Ac.,  sometimes  followed  by  hyper- 
SBsthesia  or  loss  of  sensibility,  and  by  rapid  disturbance  of  nutrition, 
in  both  the  muscles  and  the  skin.  In  fracture  of  the  lower  hmhair 
vertehrm  the  symptoms  are  often  slight ;  below  the  extremity  of  the 
oord  the  nerves  occupy  a  smaller  space  in  the  canal,  and  so  may  escape 
compression  by  a  moderate  displacement.  If  they  suffer,  the  fractured 
vertebrse  unite  very  slowly.  A  false  joint  is  occasionally  formed. 
Secondary  myelitis  and  its  consequences  are  frequent  causes  of  death 
at  a  variable  period  after  the  injury. 


CARIES  OF  THB  SPINB. 


Oaries  of  the  bones  of  the  spine  is  a  frequent  cause  of  paraple^ 
It  is  often  termed  "Pott's  disease,"  from  the  English  surgeon,  Peroival 
Pott,  who  flrst  described  it  (in  1779)  as  a  cause  of  paralysis. 

Oaubbs. — ^Males  are  said  to  be  rather  more  liable  than  females,  but 
the  difference  in  sexual  incidence  is  not  great.  It  is  more  common  in 
childhood  (after  three),  and  next  in  early  adult  life,  but  it  may  occur 
at  any  age,  and  is  perhaps  more  common  in  the  second  half  of  life  than 
any  other  scrofulous  lesion.  I  have  known  it  commence  at  fifty,  and 
it  has  been  met  with  as  late  as  seventy.  It  is  distinctly  a  manifesta- 
tion of  the  tubercular  and  scrofulous  diathesis,  and  evidence  of  such 
inheritance  is  to  be  traced  in  most  cases.  Occasionally  the  sufferer 
himself  presents  such  indications,  e.  g,  lung  disease,,  or  caries  of  other 
bones.  It  occasionally  develops  simultaneously  with  other  signs  of 
acute  general  tuberculosis.  Injuries  seem  frequentiy  to  excite  the 
l>one  mischief  in  the  spine,  as  they  certainly  do  analogous  bone  disease 
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dBewbere^  in  thow  who  are  predisposed;  possiblj,  sometimes,  in 
healthj  persons.  Falls,  blows  on  the  back,  and  serere  strains  are  the 
most  frequent  traumatic  antecedents.  The  last  may  act  bj  straining 
the  ligaments  and  setting  up  inflammation,  which  spreads  to  the  bones 
directlj  or  through  the  interyertebral  cartilages.  There  is  usually 
an  interval,  sometimeB  of  many  months,  between  the  injuiy  and  the 
definite  symptoms  of  bone  disease. 

Other  causes  besides  scrofulous  disease  have  occasionally  been 
known  to  cause  breakiiig  down  of  the  bodies  of  the  vertebrse  with 
angular  corvature  and  all  its  consequences.  Soft  growths  in  the 
spine  and,  in  rare  cases,  syphilitic  formations  haye  had  the  same 
effect.  Osteitis,  due  to  extension  from  adjacent  inflammation,  is  a 
lare  cause;  thus  caries  of  the  oerrical  spine  has  been  secondary  to  a 
primary  retro-pharyngeal  abscess.  The  disease  sometimes  follows 
septicfluniay  probably  in  consequence  of  a  secondary  septicsemio 
abscess  in  the  bone.  This  was  the  case  in  a  surgeon  about  sixty 
years  of  age,  in  whom  symptoms  of  blood-poisoning  followed  an  injury 
to  the  ankle.  They  were  succeeded  by  paraplegia  of  rapid  onset, 
and  this  by  the  development  of  angular  curvature  in  the  lower  dorsal 
region.    In  a  large  number  of  cases  no  exciting  cause  can  be  traced. 

PathoiiOoioal  Anatomt. — The  changes  in  the  bones  need  not 
detain  us,  since  they  belong  to  surgical  pathology,  except  in  so  far  as 
they  lead  to  damage  to  the  cord.  There  is  inflammation  of  the  bodies 
of  the  vertebx»,  and  of  the  intervertebral  substance,  often  at  first 
with  enlargement,  afterwards  with  breaking  down  of  the  substance  of 
the  bone,  which  gives  way  under  the  pressure  to  which  it  is  exposed, 
so  that  deformity  of  the  spine  results.  Products  of  inflammation  and 
destruction  of  ^sue,  more  or  less  purulent  in  character,  accumulate 
either  inside  the  canal  or  outside  the  vertebral  column.  In  the  latter 
situation  they  are  increased  in  quantity  by  the  inflammation  they 
excite,  and  the  well-known  forms  of  abscess  result. 

Within  the  canal  the  inflammatory  products  have  a  firmer  con- 
sistence. Although  the  inflammation  extends  to  the  loose  cellular  and 
adipose  tissue  between  the  bone  and  the  dura  mater,  and  often  to  the 
dura  mater  itself,  it  has  little  tendency  to  spread  as  a  purulent  menin- 
gitis, or  even  to  penetrate  the  dura  mater,  the  outer  layer  of  which 
becomes  irregularly  thickened  in  the  neighbourhood  of  the  disease 
(see  Fig.  98),  while  the  inner  surface  of  the  membrane  remains  normal. 
The  finn  consistence  of  the  inflammatory  products,  often  caseous  in 
character,  is  an  important  pathological  feature,  because  this  material 
is  so  often  the  agent  by  which  the  cord  is  compressed. 

The  displacement  that  results  from  the  disease  varies  according  to 
the  extent  and  character  of  the  disease.  Occasionally  there  is  simply 
a  lateral  displacement— one  spine  is  a  little  to  one  side  of  that  above 
it.  More  commonly  the  collapse  of  the  .bodies  leads  to  "  angulajr 
enrvature,"  the  spinal  column  is  bent  forwards  at  an  acute  angle, 
and  ont;  or  two  vertebral  spines  are  much  more  prominent  than  the 
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others.  There  is  often,  however,  a  less  abrupt  bend ;  the  curvature 
may  extend  over  four  or  five  yertebree.  Less  commonlj  one  spine 
projects  more  than  the  others  without  any  curvature. 

The  nerves,  as  thej  pass  through  the  membranes  and  intervertebral 
foramina,  are  irritated  by  the  inflammation,  and  often  compressed  by 
the  thickening  of  the  dura  mater  which  sheaths  them,  and  those 
passing  by  the  seat  of  compression  may  also  suffer  from  the  narrow* 
ing  of  the  canaL  They  may  be  found  red  and  swollen,  or  shrunken 
and  grey.  They  may  be  damaged  when  the  cord  is  normal,  or  but 
little  affected  when  this  is  compressed. 

The  damage  to  the  epinal  eard  depends  on  the  secondary  conse- 
quences of  the  caries,  and  is  variable  and  uncertain  in  both  occurrence 
and  character.  The  mechanism  of  the  damage  is  twofold — compression 
and  inflammation.  The  relation  between  the  two  is  considered  more 
fuUy  in  a  subsequent  chapter  (Compression  of  the  Spinal  Cord). 
Slow  compression  may  be  attended  by  chronic  inflammation,  secon- 
daiy  not  only  in  character  but  in  course,  or  by  an  acute  inflammation 

out  of  proportion  to  the  com- 
pression, alike  in  degree  of 
severity  and  in  rapidity  of 
development.  It  is  important 
to  recognise  these  differences. 
The  mechanism  of  compression 
varies.  The  most  frequent  is 
the  collection  of  inflammatory 
products  outside  the  dura  mater 
and  the  thickening  of  this  mem- 
brane. Less  commonly  the  cord 
is  compressed  by  the  displace- 
ment of  the  bone,  or  by  frag- 
ments of  bone  that  are  pushed 
into  the  canal.  Often  both  these 
causes  are  influential,  as  in  the 
case  shown  in  Fig.  92,  in  which 
the  compression  (at  s)  is  between 
displaced  bone  in  front  and  in- 
flammatory products  (b)  behind. 
Probably  an  inflammatory  swell- 
ing or  abscess  of  the  bone  is 
sometimes  the  mechanism  of 
compression,  since  the  signs  of 
pressure  have  disappeared  when 
an  abscess  has  formed  outside 
the  spine,  or  even  when  defor- 
mity has  come  on — the  breaking 
down  of  the  bodies  having  relieved  the  compression  produced  by  their 
enlargement. 


Fra.  92. — Caries  of  the  spine,  mid-dorsal 
region.  The  spinal  coixi  is  mooh  nar* 
rowed  and  discoloored  at  8  from  eom- 
pression  between  the  displaced  bone  and 
a  mass  of  inflammatory  products,  ■, 
outside  the  dura  mater,  d  x,  the  inner 
Burfiice  of  which  is  normaL  (After 
Ley  den.) 
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8TXPTO]t8.<^-Canes  of  the  spine  causes  symptoms  of  thiee  classes : 
(I)  those  of  the  bone  disease ;  (2)  the  effects  of  damage  to  the  nerre- 
roots;  (8)  those  due  to  the  changes  in  the  cord  itself.  Only  the 
symptoms  due  to  the  damage  to  nenres  and  cord  come  within  the 
specdal  proYince  of  this  book»  but  the  bone  symptoms  are  cf  much 
importance^  as  on  them  the  dio-gnosis  of  the  cause  of  the  nervous 
symptoms  often  depends.  It  is  this  which  gives  the  subject  its  high 
medical  importance,  and  brings  the  symptoms  and  recognition  of  bone 
disease  into  the  province  of  practical  medicine. 

8ympiam$  of  Bane  Diaease. — The  first  is  pain  in  the  spine,  chiefly 
felt  at  the  affected  spot,  increased  by  movement,  and  especially  by 
pressure  on  the  bone.  The  local  tenderness  is  a  very  important  sign. 
It  is  eUdted  both  by  direct  pressure  on  the  spines  and  by  lateral 
pressnre ;  if  they  are  grasped  and  pressed  to  one  side  considerable  pain 
ia  usuaJlj  produced.  Nevertheless  tenderness  is  occasionally  absent, 
not  only  in  cases  of  slight  character  and  doubtful  nature,  but  also  in 
those  in  which  paraplegia  has  come  on  some  time  after  local  curvature. 
The  increase  of  pain  by  movement  is  greatest  when  the  disease  is  in 
the  more  mobile  parts  of  the  vertebral  column,  especially  when  it  is  in 
the  cervical  region.  Movement  of  the  head  occasions  pain,  and  there 
is  an  instinctive  fixation  of  the  head,  which  is  sometimes  inclined  to 
right  or  left,  less  commonly  backwards.  It  may  thus  produce  the 
aspect  of  torticollis,  which  differs  from  that  due  to  muscular  contrac- 
tion in  that  the  stemo-mastoid  is  tense  on  the  side  towards  which  the 
head  ia  tamed,  the  muscle  being  simply  stretched  by  the  deviation  of 
the  head. 

The  deformity  of  the  spine  ia  a  later  symptom  than  the  tenderness, 
and  usnallj  comes  on  graduallj.  Its  characters  have  been  already 
described.  It  is  often  absent  when  the  disease  is  in  the  cervical 
region.  In  this  part  there  is  usoallj  another  aymptom-^thickening 
of  the  tissues  about  the  spine,  whidi  is  rare  in  other  parts.  In  any 
region  an  abscess  maj  form  in  the  neighbourhood  of  the  disease. 
Those  which  come  backwards,  or  descend  to  the  groin  by  the  psoaa 
muscle,  can  be  recognised  externally.  Those  that  form  in  front  of  the 
diseased  vertebra  may  give  rise  to  symptoms  that  are  puzzling,  if  the 
existence  of  spinal  caries  is  not  Imown.  Thus  a  retro-pharyngeal 
abscess  maj  cause  difficulty  of  deglutition,  and  one  in  the  dorsal 
region  may  cause  symptoma  of  oeaophageal  obstruction. 

Increased  pain  and  tenderness  in  the  vertebral  column  often  precede 
the  indications  of  damage  to  its  contents.  The  symptoms  due  to  in- 
terference with  the  neme-roatM  are  very  variable,  and  may  be  severe  or 
absent ;  usually  they  are  moderate  in  degree,  and  consist  of  pain  on  move- 
ment along  the  course  and  in  the  distribution  of  the  nerves  that  emerge 
at  the  affected  region,  often  hyperaesthesia  of  corresponding  extent, 
sometimea  with  apota  of  annatheaia.  There  is  also  muscular  weakness 
and  sometimes  musonlar  wasting.  These  symptoms  are  more  fully 
described  in  the  chapter  on  Oompreasion.    Here  it  maj  auffice  to 
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say  that  thej  are  conspicuous  only  in  the  minority  of  the  cases,  and 
chiefly  occur  when  there  is  pachymeningitis.  The  motor  symptoms 
are  most  marked  when  the  disease  is  in  the  cervical  region,  and  the 
nerve-roots  for  the  muscles  of  the  arms  are  damaged,  since  slight  and 
limited  impairment  is  more  readily  recognised  in  the  arms  than  in  the 
trunk.  If  the  disease  is  in  the  highest  part  of  this  region,  the  pains 
may  be  referred  to  the  occiput.  Herpes  zoster  has  been  occasionally 
met  with  along  the  course  of  the  irritated  nerves.  Spasmodic  contrac- 
tion in  the  muscles  supplied  by  the  affected  roots  is  extremely  rare  in 
cases  of  caries.  Keflex  action  is  abolished  in  the  affected  parts,  and 
the  change  in  the  superficial  reflexes  of  the  trunk  sometimes  gives 
important  diagnostic  information.  Disease  of  the  lower  cervical  roots 
may  cause  symptoms  of  deranged  action  of  the  sympathetic  on  that 
side  of  the  head,  occasionally  shown  in  the  pupil,  more  often  in  the 
vessels.  I  have  seen  persistent  sweating  on  one  half  of  the  forehead 
from  this  cause. 

The  symptoms  of  interference  with  the  functions  of  the  spinal  cord 
itself  are  chiefly  due  to  impairment  of  its  conducting  power,  causing 
paralysis  below  the  lesion.  As  the  disease  is  most  frequently  in  some 
part  of  the  dorsal  region,  paralysis  of  the  legs  is  the  common  effect. 
But  the  symptoms  vary  in  their  characters,  according  not  only  to  the 
position  of  the  disease,  but  also  to  the  immediate  process  of  damage 
to  the  cord.  The  signs  of  caries  may  have  existed  for  years  before 
paralysis  comes  on.  Angular  curvature  may  even  come  on  in  early 
childhood,  and  paralysis  not  till  adult  life  More  commonly  the 
interval  between  the  two  is  not  long,  varying  from  a  few  monlJis  to 
one  or  two  years,  but  either  may  first  be  conspicuous.  The  cases  are 
numerous  in  which  caries  is  not  suspected  until  the  paralysis  leads  to 
an  examination  of  the  spine,  and  it  is  not  uncommon  for  the  signs  of 
bone  disease  to  remain  equivocal  for  some  time  after  paraplegia  has 
developed. 

The  cord  symptoms  vaiy  much  in  their  mode  of  onset.  Usually 
there  is  no  exciting  cause,  but  sometimes  a  strain  of  the  back  or 
exposure  to  cold  seems  to  excite  a  change  in  the  condition  of  the 
bones,  in  consequence  of  which  the  cord  suffers.  It  is  easy  to  conceive 
that,  when  the  conditions  are  favorable,  a  veiy  slight  strain  may  be 
effective,  even  as  slight  as  the  sneezing  in  the  case  mentioned  below. 
When  the  cord  symptoms  have  commenced,  they  may  develop  quickly 
or  slowly.  Ab  instances  of  chronic  onset  may  be  mentioned  cases  in 
which  the  symptoms  reached  a  considerable  degree  of  intensity  at  the 
end  of  nine  months,  four  months,  and  two  months,  after  their  com- 
mencement. But  the  onset  is  sometimes  much  more  rapid;  in  one 
<sa8e  there  was  complete  paraplegia  at  the  end  of  three  weeks.  Some- 
times it  is  still  more  acute,  and  in  such  cases,  when  there  is  no  corre- 
sponding change  in  the  bone,  acute  myelitis  set  up  by  slight  pressure 
is  probably  the  mechanism  by  which  the  cord  suffers.  Thus,  in  one 
patient,  a  child  of  three,  slight  weakness  existed  for  three  weeks,  bji(* 
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then  ihe  power  of  standing  was  bst  in  a  single  night.  In  another 
child,  aged  eight,  who  had  presented  for  two  years  indications  of 
disease  of  the  oervioal  yertebrsB,  the  power  of  moTing  the  legs  was  lost 
in  the  course  of  tweniy-foiir  hours;  during  the  second  day  the  left 
arm  became  paralysed,  and,  at  the  end  of  a  week,  the  right  arm. 
Very  rarely  the  onset  is  instantaneous,  probably  from  sudden  dis- 
placement. A  child  with  angular  currature  was  walking  across  the 
room,  when  she  fell,  and  on  being  lifted  up  the  legs  were  powerless. 
The  more  rapidly  compression  occurs,  the  slighter  is  the  amount 
necessaiy  to  abolish  conduction. 

Both  legs  usually  suffer  together;  rarely  one  is  paralysed  before 
the  other ;  very  rarely  one  leg  suffers  much  and  the  other  little  or  not 
at  all.  ThoB  in  one  case  angular  curyature  developed  in  childhood ; 
at  sixteen  there  was  an  attack  of  weakness  in  the  legs,  which  passed 
away  at  the  end  of  three  weeks.  At  17^  the  patient  sprained  his  back; 
pain  in  it  followed,  and  six  weeks  later  the  right  leg  gradually  became 
weak,  and  a  year  afterwards  presented  intense  spastic  paralysis,  the 
left  leg  being  very  little  affected.  He  ultimately  recovered.  An 
instance  in  which  one  leg  became  affected  before  the  other  is  that  of 
a  woman,  forty-five  years  of  age,  who  suffered  from  pain  in  the  spine, 
and  one  day,  when  walking,  sneezed  violently  three  times,  and  imme- 
diately felt  "  pins  and  needles  "  about  the  right  knee,  and  presently  in 
the  foot.  The  leg  became  almost  powerless  during  the  next  three  days. 
A  fortnight  afterwards  she  felt  similar  tingling  in  the  left  knee,  and 
at  the  end  of  another  week  in  the  foot,  and  during  the  next  three 
weeks  this  also  lost  power,  so  that  at  the  end  of  six  weeks  from  the 
onset  both  legs  were  motionless.  The  diagnosis  was  verified  on  her 
death,  six  months  later. 

The  characters  of  the  paralysis  in  relation  to  the  seat  of  the  disease 
are  described  in  the  chapter  on  Compression.  In  the  most  frequent 
cases  the  dorsal  cord  is  damaged,  and  whenever  the  compression  is 
above  the  lumbar  enlargement  the  condition  of  the  legs  is  that  of 
**  spastic  paraplegia.*'  If  it  is  situated  in  the  cervical  region  there 
may  be  muscular  atrophy  in  the  arms,  sometimes  palsy  without 
atrophy,  according  to  the  seat  of  the  disease.  When,  as  is  com- 
monly the  case,  the  arms  suffer  from  damage  to  the  nerve-roots, 
they  suffer  before  the  legs,  but  if  the  disease  is  so  high  up  that  the 
arms  suffer  from  the  damage  to  the  cord,  the  legs  may  be  paralysed 
before  the  arms,  as  in  the  case  of  the  child  mentioned  above.  In  this 
case  the  muscles  of  the  shoulder  were  wasted,  the  disease  being  at  the 
level  of  their  nerves,  while  the  forearm  muscles  were  not  wasted.  In 
this  case,  as  in  others  of  similar  seat,  the  diaphragm  was  paralysed. 
The  muscular  part  of  the  spinal  accessory  may  be  involved,  and  the 
power  of  supporting  the  head  may  be  almost  lost.  Very  rarely,  from 
the  dLsease  of  the  highest  cerricaJ  vertebne,  other  nerves  of  the  medulla 
are  implicated,  especially  the  hypoglossal  and  the  fibres  of  the  spinal 
accessory  for  the  palate. 
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Sensory  sjinptoms  due  to  the  disease  of  the  cord  are  less  oommoii 
than  motor  palsy.  The  onset  of  paraplegia  may  be  preceded  by 
sabjectiye  sensations  in  the  legs.  Pull  aching  pain  in  them  is  also 
not  imcommon.  Often  there  is  no  loss  of  sensation ;  in  other  cases 
there  are  various  degrees  of  loss.  Tonch  or  pain  may  be  impaired 
alone,  or  there  may  be  absolute  loss  of  sensibility  up  to  the  level  ol 
the  lesion.  Pajtial  loss  is  more  common.  Beflex  action  in  all  forms 
is  excessive  (unless  the  disease  involves  the  lumbar  enlargement),  and 
great  excess  of  the  superficial  reflex  action  is  a  common  and  important 
feature.  The  legs  are  often  cold,  and  sometimes  perspire  continually. 
The  sphincters  are  often  affected,  sometimes  early,  but  they  may  escape 
even  where  there  is  complete  motor  palsy  of  the  legs. 

Complications, — Among  common  complications  are  bedsores,  cystitisp 
various  secondary  effects  of  the  bone  disease,  such  as  abscess,  local 
scrofulous  disease  elsewhere,  and  general  tuberculosis.  Tubercular 
tumours  in  the  brain  occasionally  coincide  with  the  caries.  In  very 
severe  cases  peculiar  secondary  mischief  has  occurred  in  the  spinal 
cord,  and  has  run  an  independent  course,  giving  rise  to  very  anomalous 
symptoms.*  Thus  a  descending  myelitis  may  invade  the  lumbar 
^ilargement  in  its  entirety  and  abolish  its  central  and  reflex  funo* 
tions,  causing  rapid  wasting  of  the  muscles  and  acute  trophic  changes 
in  the  skin.  Inflammation  may  ascend  the  pyramidal  tracts  and  thus 
paralyse  the  arms — an  instance  of  the  strange  limitation  of  inflamma- 
tion to  functional  tracts  when  it  passes  in  a  direction  opposite  to 
secondary  degeneration.  Ascending  degeneration  of  the  posterior 
median  columns  may  spread  to  the  postero-extemal  columns,  and 
cause  symptoms  of  ataxy  by  invading  root-fibres  at  a  higher  level. 
Ataxy  may  come  on  as  the  power  returns,  when  the  disease  is  in  the 
dorsal  region,  probably  by  damage  to  the  path  from  the  muscles  to 
the  cerebellum.  Lastly,  myelitis  may  occur  in  disseminated  foci  in 
various  parts  of  the  cord,  and  even  m  the  medulla,  giving  rise  to 
scattered  symptoms  of  anomalous  character. 

Course. — The  bone  disease  may  heal,  union  occurring  between  the 
altered  tissues,  or  it  may  persist  with  continued  formation  of  pus,  or 
may  become  quiescent  with  occasional  periods  of  renewed  actiTxtj* 
The  cord  mischief  is  influenced  by  the  state  of  the  bone  disease, 
although  its  progress  may  be  to  some  extent  independent.  Thus 
inflammation  in  the  cord,  in  excess  of  the  compression,  may  subside 
in  spite  of  the  continuance  of  the  bone  mischief.  Pressure  on  the  cord 
may  be  relieved,  although  the  bone  disease  continues,  and  even  some- 
times as  a  result  of  the  increased  breaking  down  of  bone  and  exit  of 
pus  by  another  channel.  A  case  is  mentioned  below  in  which  para- 
plegia pacsed  away  as  angular  curvature  developed.  Hence  there  is 
no  strict  correspondence  between  the  course  of  the  bone  mischief  and 
that  of  the  cord  disease.  In  some  cases  the  paralysis,  motor  and 
sensory,  persists.  More  often  the  sensory  loss  passes  away,  while 
•  See  Charcot,  'Iie^OQi  but  lee  Mai.  da  Sjst.  Kerr.,*  torn.  iL 
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flKotor  pwralym  remaiiU,  luuallj  as  spastio  parapleigia,  and*  in  aeFfira 
csuaeB,  flexor  spaam  eomes  on  with  moscular  contractions*  Life  maj 
be  prolonged  in  that  condition  for  years,  but  often*  in  such  cases, 
bedsores  form,  or  ostitis  leads  to  kidnej  disease,  or  other  tubercular 
disease  doTclops  and  leads  to  death,  or  the  lessened  respiratory  power 
renders  an  attack  of  bronchitis  fatal.  In  many  cases,  a^^ain,  the 
paralysis  gradually  passes  away  OTen  when  the  compression  continues, 
and  Uie  cord  is  found  considerably  narrowed  if  the  patient  dies  from 
some  other  cause.  It  is  possible  that  such  compression  is  sometimes 
produced  slowly  without  impairment  of  conduction.  In  children  re- 
covery occurs  far  more  readily  than  in  adults.  Eyan  in  adults,  how« 
ever,  reooTery  may  occur  from  paby  that  has  lasted  for  more  than  a 
year,  with  all  the  signs  of  descending  degeneration  in  the  cord, 
amounting  to  severe  spastic  paraplegia.  Usually  rest  on  the  back 
or  mftf.hanical  supports  are  necessary  to  secure  recovery,  but  it 
occasionally  occurs  without  these  measures.  A  youth  acquired  angular 
'Curvature  at  sixteen ;  at  twenty  paraplegia  came  on  sbwly,  and  pit>- 
grossed  with  some  variations  during  the  next  seven  years.  There 
was  then  absolute  motor  palsy  in  the  l^s,  and  sensation  was  lessened. 
He  refused  to  rest,  and  continued  to  follow  his  occupation,  which  was 
however  a  restful  one,  that  of  a  tailor ;  he  took  cod-liver  oil  and  iron, 
and  gradually  regained  useful  power,  so  as  to  be  able  to  walk  about. 
Such  a  case,  however,  is  exceptional. 

Belapses  sometimes  occur  in  cases  that  improve,  although  they  are 
eartainly  not  nearly  so  frequent  as  might  be  expected  from  the  nature 
of  the  disease.  In  the  majority  of  cases  recovery,  once  obtained,  is 
permanent.  In  a  minority  the  paralysis  returns  when  some  exciting 
cause  renews  activity  in  the  bone  disease.  The  tendency  to  relapse  and 
the  possibility  of  repeated  recovery  are  very  strikingly  shown  by  the 
following  case.  In  a  girl  of  fifteen,  paraplegia  developed  during  nine 
months,  slowly  at  first,  more  rapidly  towards  the  end  of  that  time. 
She  cama  under  my  care  six  months  later,  having  been  unable  even 
to  move  her  legs  for  that  time.  Bone  disease  had  not  been  previously 
suspected,  but  there  was  slight  tenderness  and  enough  lateral  irregu- 
larity of  the  lower  dorsal  spines  to  show  the  nature  of  the  case.  Best 
in  bed  and  tonics  were  soon  followed  by  improvement ;  in  six  weeks 
she  could  stand,  and  in  four  months  was  fhle  to  walk  well.  As  she 
gained  power,  ang^ular  curvature  came  on,  prominence  of  the  seventh 
and  eighth  dorsal  spines.  Five  months  after  her  discharge  she  fell 
and  struck  her  back ;  the  curvature  increased,  and  her  legs  gradually 
became  weak  again.  Seven  months  after  the  fall  she  was  r^dmitted, 
unable  to  stand,  although  the  paralysii  was  not  absolute.  There  was 
foot-donus  on  each  side.  Sensilnlity  was  lessened  below  the  ensif orm 
cartilage.  Best  on  the  back  was  again  followed  by  slow  improvement. 
In  three  months  she  could  just  walk.  She  was  then  suspended,  and 
encased  in  plaster  of  Paris.  At  the  end  of  another  month  she  could 
walk  about  the  room,  and  no  clonus  coulpl  be  obtained.    She  was  soon 
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afterwards  discliarged,  and  her  progress  continued,  so  that,  at  the  end 
of  nine  months,  she  could  walk  fire  miles,  and  there  was  no  trace  of 
clonus,  although  there  was  still  some  excess  of  the  knee-jerk.  She 
soon  afterwards  married,  and  bore  a  child,  which  died  two  years  and  a 
half  after  her  discharge.  She  caught  cold  at  the  funeral,  and  a  fort- 
night later  again  began  to  lose  power;  in  six  weeks  the  legs  were 
almost  motionless,  with  marked  foot-clonus ;  sensation  to  touch  was 
lost  up  to  the  umbilicus,  that  of  pain  being  presenred.  Neither  rest 
nor  encasement  caused  any  improrement.  After  some  months  sulphide 
of  calcium  was  giTen,.and  in  a  few  days  power  began  to  rettim ;  in  a 
month  she  could  take  a  few  steps,  and  in  four  months  she  could  walk 
about  the  ward  without  difficulty.  She  made  another  good  recorery. 
Some  years  later,  however,  paralysis  again  came  on,  and  this  attack 
proved  permanent. 

Several  cases  have  come  under  my  notice  in  which  the  subjects  of 
caries  in  early  life,  which  healed  without  damaging  the  cord,  have  at 
some  period  in  adult  life  presented  the  symptoms  of  primary  lateral 
sclerosis — simple  spastic  paraplegia,  without  any  root  symptoms  or 
evidence  of  renewed  activity  of  the  bone  disease.  If  there  is  a  con- 
nection between  the  two,  it  is  probable  that  the  cord  has  suffered 
compression  so  slowly  that  its  functions  have  not  been  interfered  with, 
but,  nevertheless,  the  vitality  of  the  pyramidal  fibres  has  been  rendered 
Less  enduring. 

It  is  important  to  remember  that  the  deviation  is  often  lateral,* 
and  the  chief  difficulty  is  due  to  the  fact  that  a  slight  lateral  deviation 
or  slight  prominence  is  not  unusual  in  normal  spines.  Hence  it  ia 
important  for  the  student  to  make  himself  famihar  with  the  degrees 
of  deviation  that  occur  in  health.  At  the  same  time  it  must  not  be 
forgotten  that  a  deviation  not  greater  than  occurs  in  health  may  be 
due  to  disease.  If  it  coincides  with  distinct  tenderness,  and  espedallj 
also  with  the  position  of  root  symptoms,  it  may  be  accepted  as  evidence 
of  disease,  probable  or  certain,  according  to  the  character  of  the 
symptoms. 

The  pathology  of  the  affection  only  oonoems  us  so  far  as  it  relates 
to  the  effect  on  the  spinal  cord,  and  this  is  considered  in  the  chapter 
on  Compression. 

DiAaNosis. — ^When  clesir  indications  of  caries  precede  the  paralysis, 
the  nature  of  the  case  can  hardly  be  mistaken.  The  obvious  inference, 
that  the  affection  of  the  cord  is  secondary  to  that  of  the  bone,  is 
scarcely  ever  wrong.  When  the  two  develop  together,  mistakes  in 
diagnosis  are  often  made,  but  are  usually  due  to  the  want  of  repeated 
examinations  of  the  spinal  column.  It  is  when  the  root  or  cord 
symptoms  precede  distinct  evidence  of  bone  disease,  and  when  the 
latter  is  so  slight  as  to  be  equivocal,  that  the  chief  real  difficulty  in 

•  To  discover  lateral  deviation  it  is  well  to  make  an  ink-dot  on  the  skin  oyer  the 
middle  of  the  tip  of  each  spine,  care  being  taken  that  the  skiu  ia  not  stretched  to 
one  side.     The  ink -dots  may  be  copied  on  tracing-paper. 
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diagnosis  occurs;  the  affection  is  apt  to  be  mistaken  for  a  primary 
disease  of  the  cord  or  its  membranes — a  transverse  myelitis  when  the 
dorsal  region  is  affected,  a  progressire  muscular  atrophy,  or  primary 
pachymeningitis,  when  the  disease  is  in  the  cervical  region.  A  correct 
diagnosis  can  only  be  made  in  these  cases  by  recognising  the  signifi- 
cance of  the  slight  bone  symptoms  that  are  always  present,  the  deep 
tenderness,  and  often  slight  irregularity.  Even  slight  irregularity 
derives  significance  from  tenderness,  limited  in  extent  and  correspond- 
ing in  position  to  the  deviation.  The  irregularity  may  be  absent  at 
first,  and  then  its  development  is  doubly  significant.  An  observed 
increase  in  the  amount  of  displacement  gives  significance  to  even  a 
slight  irr^^arity. 

The  early  excess  of  the  cutaneous  reflex  action  (from  the  sole,  for 
instance),  while  not  conclusive,  adds  weight  to  the  other  symptoms  of 
bone  disease.  It  may  be  very  marked  even  while  the  patient  is  able 
to  walk  about.  Distinct  root  pains  are  always  of  great  significance, 
and  this  is  increased  by  the  detection  of  spots  of  anesthesia  along 
their  course.  All  these  symptoms  derive  additional  weight  from  their 
coincidence  in  level  with  the  spinal  irregularity. 

It  is  this  which  enables  the  pains  to  be  distinguished  from  the  con- 
dition for  which  they  are  most  frequently  mistaken — a  trunk  neuralgia. 
This  error  is  especially  common  when  the  pain  is  chiefly  unilateral.  In 
all  such  cases  the  spine  should  be  carefully  examined,  and  any  tender- 
ness of  the  bone  at  the  level  of  the  pain  should  excite  suspicion.  I 
have  also  known  unilateral  abdominal  pain  due  to  caries  to  be  mis- 
taken for  that  of  renal  calculus. 

When  damage  to  the  cervical  roots  causes  muscular  wasting  in  the 
arms,  the  case  may  be  mistaken  for  one  of  progressive  muscular 
atrophy,  but  differs  in  the  distribution  of  the  wasting,  in  the  pains, 
and  the  impairment  of  sensation.  These  occur  in  primary  cervical 
pachymeningitis,  which  is  distinguished  by  the  absence  of  the  signs 
of  bone  disease,  and  in  the  wider  extent  through  which  the  root 
symptoms  extend. 

In  the  first  haJf  of  life  the  recognition  of  bone  disease  is  practically 
tantamount  to  the  recognition  of  caries.  In  the  second  half,  however, 
the  relative  inf requency  of  caries,  the  greater  frequency  of  growths  in 
the  bone,  and  the  occurrence  of  eroding  aneurisms,  introduce  a  fresh 
diagnostic  problem.  The  absence  of  any  other  indication  of  a  tumour 
or  an  aneurism  is  the  first  distinction ;  and  the  second  is  the  fact  that 
in  both  these  diseases  the  root  pains  commonly  reach  a  degree  of 
severity  scarcely  ever  attained  in  caries,  and  are  especially  increased 
by  movement. 

When  there  are  merely  tenderness  of  the  spine  and  slight  weakness 
of  the  legs,  the  question  may  arise  whether  there  is  organic  disease,  or 
merely  the  condition  termed  "spinal  irritation,"  or  mere  functional 
pain  and  tenderness  and  weakness  of  the  legs.  In  those  cases  the 
tenderness  is  usually  fotmd  over  a  considerable  area  of  the  spinal 
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oolumn,  ifith  more  tlian  one  point  of  special  intensity ;  it  is  superficial 
as  well  as  deep,  and  may  change  its  seat;  there  are  no  root  pains  or 
spots  of  ansdsthesia.  There  is  more  danger  that  caries  of  the  spine  in 
a  young  woman  may  be  passed  as  hysterical  paraplegia  than  of  the 
opposite  error.  Especially  when  the  subjects  of  caries  present  distinct 
symptoms  of  hysteria,  there  is  risk,  as  experience  shows,  that  uui- 
equivocal  symptoms  of  caries  may  be  overlooked.  Some  other 
diagnostic  indications  are  mentioned  in  the  chapter  on  Compres- 
sion. 

Pboqnosib. — ^Our  ignorance  of  the  precise  character  of  the  morbid 
process  which  is  damaging  the  cord  renders  the  prognosis,  in  every 
case  of  caries,  a  matter  of  much  uncertainty.  Nevertheless  there  is 
no  disease  of  the  cord  in  which  symptoms  of  equal  gravity  so  often 
pass  away.  The  cases  are  few,  th^ief ore,  in  which  hope  is  unjustified* 
but  they  are  equally  few  in  which  we  are  warranted  in  a  confident 
expectation  of  recovery.  In  childhood  the  prospects  of  recovery  are 
certainly  better  than  in  adult  life,  and  they  are  least  in  declining 
years.  Damage  to  the  cord  between  the  enlargements  is  less  serious 
than  when  these  are  affected,  because  the  strong  tendency  to  trophic 
changes  constitutes  a  grave  danger  when  the  lumbar  enlargement  is 
diseased,  and  the  diminished  breathing  power  an  equally  serious 
danger  in  disease  of  the  cervical  enlargement,  especially  when  this  is 
high  enough  to  entail  the  additional  danger  of  paralysis  of  the 
diaphragm. 

But  how  perilous  a  condition  may  be  recovered  from  is  shown  by 
the  fact  that  the  child  mentioned  on  p.  291  had  paralysis  of  all  four 
limbs,  the  diaphragm,  and  weakening  of  the  intercostals,  and  yet 
recovered.  Still  more  striking  is  a  case  narrated  by  Dr.  Buzzard,  in 
which  disease  in  the  region  of  the  third  cervical  vertebra  caused 
almost  complete  palsy  of  arms,  1^^,  intercostals,  and  diaphragm* 
respiration  being  carried  on  by  the  accessoiy  muscles  of  the  neck* 
Yet  the  child  recovered  in  spite  of  the  occurrence  of  an  attack  of 
pneumonia  when  the  paralysis  was  at  its  height.  A  girl  of  thirteen, 
whose  cervical  caries  was  accompanied  by  all  the  symptoms  of  cere- 
bellar tubercle,  recovered.  All  these,  it  will  be  noted,  were  children. 
Neither  rapidity  nor  slowness  of  onset  affords  any  guide  to  prognosis, 
nor  does  the  relative  order  of  paralysis  and  curvature,  or  the  degree 
of  palsy.  Severe  spastic  paraplegia  may  pass  away  entirely,  provided 
it  remains  extensor  in  character.  The  prognosis  is  perhaps  a  little 
better  when  there  is  no  loss  of  sensation,  since  this  proves  that  the 
damage  to  the  cord  is  moderate  in  degree ;  but  even  complete  anaes- 
thesia does  not  preclude  recovery,  as  the  cases  mentioned  show.  The 
danger  to  life  is  dependent  in  considerable  degree  on  the  evidence  tliat 
the  scrofulous  or  tubercular  tendency  is  active  elsewhere,  and  also  on 
any  difficulty  in  securing  proper  treatment.  The  prognosis  is,  moi'e- 
over,  still  in  a  transitional  state  on  account  of  the  uncertainty  regard- 
ing the  range  of  successful  surgical  treatment. 
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TEXA.TMSVT. — The  first  aod  diief  dement  in  the  treatment  of 
paralysis  ie  that  of  the  bone  disease  which  causes  it,  and  for  full 
details  of  this  the  reader  is  referred  to  treatises  on  Btirgei7.  It 
includes  both  the  older  means  of  securing  an  arrest  of  the  morbid 
process,  and  the  still  recent  measures  of  operatiye  treatment.  11 
the  bone  disease  heals,  the  spinal  cord,  in  most  cases,  -will  recover. 
The  two  most  potent  therapeutic  agents  are  persistent  reonmbencj 
and  tonics,  especiallj  cod-Hyer  oil  and  iron.  In  the  cases  that 
have  done  best,  these,  and  these  alone,  have  been  the  effective 
agents.  Rest  should  be  maintained  for  months.  The  posture  tliat 
answers  best  is  upon  the  back,  on  account  of  the  greater  ease  with 
which  immobilily  of  the  bone  is  secured  and  maintained,  and  the 
great  importance  of  this  element  in  treatment;  this  position  is  also 
the  most  comfortable,  and  local  pain  probably  interferes  with  the  sub- 
sidence of  local  inflammation.  If  no  improvement  occurs  after  some 
months'  rest,  suspension  may  be  tried.  It  is  said  to  be  sometimes 
attended  by  instant  improvement,  especially  in  children;  but  this 
result  is  rare,  and  can  only  occur  in  the  cases,  not  very  common,  in 
which  displaced  bone  compresses  the  cord.  In  cases  in  which  there  is 
reason  to  suspect  that  this  is  the  cause  of  paralysis,  it  may  be  well  to 
see  the  effect  of  suspension  before  rest  is  commenced.  The  moulded 
jacket  is  an  inefficient  substitute  for  rest,  and  an  unnecessary  con- 
comitant— ^to  be  adopted  only  when  rest  cannot  be  secured,  or  after 
rest  alone  has  apparently  done  all  that  it  can  achieve.  If,  for  instance, 
power  gradually  returns  during  rest,  but  the  improvement  after  a  time 
ceases,  and  the  bone  disease  seems  inactive,  the  patient  may  be  sus- 
pended, encased,  and  then  permitted  to  stand  and  walk;  improvement 
may  be  renewed  and  power  may  rapidly  increase.  In  caries  of  the 
mobile  cervical  spine,  even  during  the  period  of  rest,  fixation  of  the 
head  is  necessary.  Extension  of  the  spine  in  the  recumbent  posture 
has  also  been  employed,  sometimes  with  apparent  benefit.  The  head 
of  the  patient  is  fastened  to  the  head  of  the  bed  by  an  elastic  band 
attached  to  a  strap  passing  beneath  the  occipital  protuberance  and 
round  the  patient's  head.  A  weight  of  from  4  to  12,  or  even  20  lbs., 
is  fastened  to  a  band  passing  round  the  patient  above  the  hips.  Con- 
tinuous extension  is  thus  obtained.*  More  recently  sudden  forcible 
extension  of  the  spine  and  immediate  reduction  of  the  deformity  has 
been  recommended  as  a  mode  of  treatment  for  spinal  caries.  In  some 
cases  in  which  paraplegia  was  present,  rapid  return  of  power  in  the 
])aralysed  limbs  has  occurred  after  this  treatment;  but  it  is  obvious 
that  such  a  method  has  inherent  in  it  certain  dangers  which  are  at 
least  minimised  in  less  heroic  treatment.f 

The  influence  of  cod-liver  oil  and  iron  is  as  marked  in  this  as  in 
other  scrofulotts  diseases.    They  constitute  an  indispensable  adjunct 

•  FlemicfT, '  Lancet,'  April  27Ui,  1889. 

t  DiscoMion  at  Clinical  Society  of  London,  «  Laiioet^'  Nov.  Uth  and  26th,  1897. 
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to  rest,  and  may  be  effectiye  even  alone,  as  is  shown  bj  tbe  case  men- 
tioned on  p.  293.    But  rest  should  always  be  secured  if  possible. 

Counter-irritation,  opposite  the  seat  of  caries,  has  sometimes 
appeared  to  do  good,  perhaps  acting  especially  on  the  process  of 
myelitis  which  attends  compression.  The  actual  cautery,  in  mild 
form,  is  that  which  has  been  most  frequently  found  useful.  Instances 
of  speedy  improyement  are  on  record,  but  it  is  not  always  effective, 
nor  can  indications  for  its  use  be  laid  down.  Sulphide  of  calcium, 
which  is  said  to  influence  scrofulous  processes,  deserres  further  trial, 
although  I  haye  not  found  it  so  apparently  effective  in  any  other  case 
than  that  mentioned  on  p.  294.  Benefit  can  only  be  expected  from  ita 
use  when,  as  is  often  the  case,  inflammatory  products  constitute  the 
compressing  agent.  Extreme  care  in  general  management,  to  avoid 
bedsores,  bladder  trouble,  and  bronchitis,  are  of  great  importance. 
In  many  cases  there  is  a  tendency  to  improvement  after  a  time, 
especially  when  the  bone  disease  is  stationary,  or  the  cord  has  been 
inflamed,  and  in  these  the  mere  maintenance  of  life  may  result  in 
recovery  of  strength.  When  power  has  returned,  but  the  use  of  the 
limbs  is  restrained  by  the  muscular  contractions  which  come  on  during 
the  paralysis,  the  ability  to  stand  and  walk  may  be  quickly  restored 
by  tenotomy,  and  more  slowly  by  the  use  of  extending  splints,  &o. 
Electricity  is  useful  only  to  maintain  the  nutrition  of  the  musdea 
when  these  are  wasting,  in  consequence  of  damage  to  their  nerves. 

The  belief  expressed  in  the  first  edition  of  this  work,  that  the  casea 
are  numerous  in  which  relief  to  the  compression  may  be  afforded  by 
the  surgeon,  has  been  fuUy  realised.  The  path  was,  indeed,  being 
then  opened  up  by  McEwen  of  Glasgow,  who  has  shown,  with  others, 
especially  Victor  Horsley,  how  safe  and  successful  the  operative 
treatment  is  in  properly  selected  cases;  and  these,  indeed,  include 
a  large  proportion  of  the  cases  in  which  other  measures  have  failed 
to  give  relief  and  must  probably  have  remained  unsuccessfuL  The 
operation  is  contra-indicated  in  cases  of  rapidly  advancing  general 
tuberculosis  (to  which  most  deaths  after  operation  have  been  due, 
and  also,  as  a  rule,  in  children,  in  whom  other  measures  are,  as  haa 
already  been  stated,  usually  successful)  When  the  indirect  con- 
sequences of  the  disease  have  greatly  reduced  the  patient*  s  strength,, 
the  question  of  an  operation  may  still  be  entertained  if  it  is  a  dis- 
tinct alternative  to  a  speedy  death,  provided  the  peril  is  such  as  a 
restoration  of  the  fimctions  of  the  cord  might  possibly  remove.  On 
the  other  hand,  the  operation  ought  not  to  be  regarded  as  the  first 
resort  in  the  majority  of  cases.  The  large  number  of  cases  that 
recover  under  the  treatment  described  above  make  it  certain  that,  in 
most  cases,  these  measures  should  first  be  tried ;  and  this  conclusion 
is  the  clearer  since  the  duration  of  paraplegia,  for  a  year  or  more^ 
seems  to  interpose  no  appreciable  barrier  either  to  recovery  or  to  the 
relief  that  can  be  given  to  the  pressure.  On  the  contrary,  indeed,  the 
prospect  of  recovery  is  better  if  the  bone  disease  has  become  quiescent^ 
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or  the  caries  has  aetnaDj  healed,  processes  that  must  be  farthered  by 
the  preliinixiary  rest.  The  operation  of  laminectomj  has  the  best  pro- 
spect of  success  in  the  cases,  fortunately  Teiy  numerous,  in  which  the 
products  of  inflammation  outside  the  dura  mater  compress  the  cord. 
These,  whether  caseous  material  or  a  mass  of  connectiTe  tissue  into 
which  the  inflammatory  products  haye  been  changed,  can  be  readily 
removed  without  opening  the  dura  mater.  Even  if  displaced  bone  is  the 
source  of  pressure,  the  removal  of  the  arches  affor4s  reli^  to  it.  The 
chief  obstacle  to  success  is  the  extent  to  which  myelitis  has  proceeded 
out  of  proportion  to  the  compression.  This,  necessarily,  no  removal  of 
the  pressure  can  relieve.  In  proportion  as  the  inflammation  has  been 
acute  without  evideuce  of  rapid  compression,  relief  is  unlikely.  But 
this  is  not  the  only  cause  of  a  rapid  onset,  and  a  difficult  question 
arises  in  such  cases,  whether  the  mechanism  is  not  such  that  an 
immediate  operation  is  justified.  It  may  be  due  to  sudden  displace- 
ment of  bone  or  to  sudden  escape  of  pus  into  the  canal,  as  well  as  to 
myelitis,  and  in  the  two  former  cases  it  is  possible  that  relief  may 
sometimes  be  given,  and  an  immediate  operation  may  be  wiser  than 
delay.  An  operation  is  suggested  whenever  a  sudden  increase  in^  the 
curvature  or  severe  root-pains  coincide  with  the  acute  onset  of 
paralysis.  Without  these  uymptoms,  the  rapid  onset  is  probably  due 
to  acute  myelitis,  and  then  an  operation  cannot  be  expected  to  lessen 
the  interference  with  the  conducting  fibres.  It  is  also  called  for  in 
cases  in  which  the  disease  is  high  up,  and  by  its  interference  with  the 
respiratory  mechanism  is  threatening  life.  To  justify  surgical  inter- 
ference, however,  the  existence  of  caries  must  be  beyond  doubt.  The 
operation  involves  a  small  danger  to  life»  although  it  may  not  be 
great,  and  this  fact  must  always  receive  due  consideration  in  legaxd 
to  the  certainty  of  diagnosis  as  well  as  the  prospect  of  relief. 


TUMOURS  AND  OTHER  DISEASES  OP  THE  SPINE. 

Obowthb  nr  thi  Spihal  Columk. 

The  bones  of  the  spine  are  sometimes  the  seat  of  primary  or 
secondary  growths,  and  less  commonly  are  invaded  by  tumows 
bpringing  from  the  various  structures  and  even  organs  in  front  of  the 
spine.  They  may  also  undergo  changes  as  the  result  of  the  obscure 
condition  known  as  osteomalacia,  and  these  changes  may  occasion  pres- 
sure on  the  cord,  and  so  give  rise  to  paraplegia.*    Cancer  (scirrhous 

•  KOppen,  •  Arch.  f.  I'syoliV  XMiL 
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and  enoephaloid)  mad  Barooma  are  the  most  cemmon  formt  of  growth} 
myxoma  hsa  htexi  aljK)  met  inth.  Canoer  is  sometimes  secondary  to  a 
primary  growth  dsewheie,  in  the  breast,  stomach,  Ac  A  primary 
growth  usually  begins  in  the  bodies  of  the  Tertebiss,  and  spreads  from 
one  to  another.  The  bodies  may  oollapse,  because  the  soft  tissue 
which  replaces  the  bone  yields  under  the  weight  it  has  to  bear,  and 
thus  augulsjr  currature  may  occur,  or  some  oth^  abrupt  deTiation 
from  the  normal  line.  From  the  bodies  the  growth  may  extend  into 
the  lateral  processes,  enlarging  them,  and  narrowing  the  intervertebral 
foramina  through  which  the  uerres  pass.  It  may  extend  into  the 
arches,  and  even  into  the  spines,  and  may  also  grow  into  the  muscles 
and  tissues  beside  and  behind  the  ▼ertebnd  column.  The  nei-re-roots 
suffer  (1)  by  pressure,  (2)  by  simple  inflammation,  (3)  sometimes  by 
cancerous  infiltration.  They  may  thus  be  found  reddened,  swollen  and 
soft,  or  grey  and  atrophied,  or  enlarged  and  hardened.  The  growth* 
cancer  especially,  is  apt  to  spread  in  the  adipose  tissue  between  the 
bone  and  the  dura  mater,  and  loay  eren  entirely  surround  the  dura 
mater  and  cord.  The  cord  may  suffer  compression,  but  this  is  less 
frequent  than  in  caries,  eren  when  curvature  occurs.  On  tiie  other 
hand,  it  is  often  inflamed,  sometimes  acutely ;  considerable  inflamma- 
tion without  compression  is  far  more  frequent  than  in  caries.  The 
myelitis  occurs  without  any  perforation  of  the  dura  mater  by  the 
growth.  The  cause  of  this  tendency  to  acute  local  inflammation  is 
not  known;  once  excited,  it  may  spread  ia  the  cord  upwards  and 
downwards.    The  growth  never  invades  the  cord  itself. 

Etioloot. — The  general  causes  are  the  same  as  those  of  similar 
growths  elsewhere.  Males  suffer,  however,  more  frequently  than 
females,  and  the  morbid  growths,  taken  together,  are  most  common 
between  forty  and  fifty  years  of  age.  An  injury  has  been  supposed 
sometimes  to  be  the  exciting  cause  in  this  as  in  other  situations. 

Symptoms. — ^There  may  be  direct  symptoms  of  the  presence  of  the 
growth — ^pain  in  the  spine,  usuaJlly  severe,  occasionally  absent ;  local 
tenderness,  and  occasional  interference  with  movement  of  the  vertebral 
column  apart  from  pain.  A  palpable  tumour  is  never  an  early  sym- 
ptom, but  ultimately  a  deep-seated  hard  swelling  may  be  felt  on  one 
side  of  the  spine,  most  readily  and  earliest  when  the  disease  is  in  the 
cervical  region,  where  it  is  occasionally  perceptible  in  the  posterior 
triangle  of  the  neck.  The  angular  curvature  which  sometimes  occurs 
does  not  differ  from  that  of  caries  in  its  external  characters,  except 
that  it  is  more  frequently  a  rounded  prominence  than  a  sharp  angle, 
and  it  may  be  accompanied  by  the  indications  of  a  tumour,  never  by 
those  of  an  abscess. 

The  affection  of  the  nerves  is  almost  invariable  in  spinal  growths, 
and  gives  rise  to  the  symptoms  that  are  the  most  distressing,  and 
also  ihe  earliest  and  most  constant, — radiating  pain  in  the  course  of 
the  nerves  that  emerge  at  the  part,  and  due  to  their  irritation  by  pres- 
sure or  inflammation.     Such  pains  are  far  more  prominent  symptoms 
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in  this  diflease  than  in  cariei.  At  first  sHght,  thej  gradnallj  increaBe 
to  extreme  intensity.  It  was  this  feature  that  led  Omreilhier  to  caU 
the  disease  |>amp/e^  doloroia,  a  name  it  has  since  commonly  borne. 
The  pain  at  first  intermits,  but  subsequently  is  constant,  with 
paroxysms  of  greater  suffering  from  time  to  time.  It  is  usually  a 
sharp  and  lancinating  pain,  and  its  special  characteristic  is  the  degree 
in  which  it  is  increased  by  moTement.  Byen  slight  movements  of 
the  trunk  induce  the  paroxysms.  The  distribution  in  the  arms, 
trunk,  legs,  depends  on  the  seat  of  the  disease.  It  is  extremely  rare 
for  these  pains  to  be  absent*  but  they  occasionally  occur  late  instead 
of  early.*  On  the  other  hand,  they  may  precede  other  symptoms  for 
months.  Cutaneous  hypersesthesia  usually  accompanies  them,  and 
spots  of  ansesthesia  ofteoi  develop,  after  a  time,  in  the  areas  to  which 
the  fixed  pains  are  referred.  Corresponding  damage  to  the  motor 
roots  may  cause  painful  muscular  contracture  (Figs.  56  and  57, 
p.  112),  paralysis,  and  wasting.  Contractures  may  also  occur  in  the 
parts  below  the  disease,  produced  by  the  persistent  irritating  pressure 
on  the  motor  tract  in  the  cord.  Paroxysms  of  spasm  often  attend  the 
pains,  especiaUy  in  the  abdominal  muscles  when  the  disease  is  in  the 
dorsal  region,  and  axe  apparently  reflex  in  nature. 

The  damage  to  the  cord  causes  symptoms  similar  to  those  in  caries, 
and  described  more  fully  in  the  chapter  on  Compression.  The 
chief  difference  from  caries  is  the  greater  frequency  of  a  rapid  onset 
of  the  paraplegic  symptoms,  due  to  the  invasion  of  the  cord  by  acute 
inflammation.  All  power  in  the  legs  is  often  lost  in  twelve  or  twenty- 
four  hours,  and  this  when  no  curvature  has  taken  place.  Such  acute 
paraplegia  is  not  uncommonly  preceded  for  a  week  or  so  by  retention 
of  urine,  probably  indicative  of  slight  pressure  on  the  cord.  Displjice- 
ment  of  bone  has  also  been  known  to  cause  rapid  paralysis.f  On  the 
other  hand,  especially  in  rery  slowly  growing  tumours,  the  onset  of 
the  palsy  may  be  gradual.  I  have  known  it  to  occupy  several  years 
in  reaching  a  considerable  degree.  Probably  in  these  cases  the 
mechanism  is  a  simple  slow  compression.  Thus,  compared  with  caries, 
the  onset  is  more  often  rapid,  and  occasionally  much  more  deliberate. 
The  characters  of  the  resulting  paralysis  are,  as  a  rule,  similar  to 
those  in  caries,  but  are  more  frequently  modified  by  the  spread  of 
inflammation,  immediate  or  subsequent.  Hence  the  central  and 
reflex  functions  of  the  lumbar  enlargement,  although  the  bone  disease 
is  some  distance  above  it,  may  be  lost  at  the  onset,  or  they  may  be  at 
first  normal  or  excessive,  and  afterwards  lost.  In  a  man  with  a  growth 
in  the  mid-dorsal  region,  parapl^a  came  on  rapidly,  evidently  from 
myelitis,  and  was  followed  by  foot-clonus,  &c.  But  a  few  weeks  later 
the  clonus  suddenly  ceased,  the  muscles  became  toneless,  with  loss  of 
f aradic  irritability,  and  the  skin  began  to  slough ;  the  inflammation 

*  The  paint  succ^edsd  cvvatare  in  a  out  dsicribed  bj  L.  Humphry  ('  Lmoet^* 
1884,  i,  p.  16). 
t  Humphry,  lo6b  dt. 
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had  spread  down  into  the  lumbar  enlai^ment.  In  many  cases,  how« 
ever,  there  is  no  descending  inflammation,  and  the  reflex  actions  an 
in  persistent  excess,  so  that  spastio  paraplegia  results.  Sensation  is 
lost  rather  more  f requentlj  than  in  caries.  Other  symptoms  are  the 
same  as  in  compression  from  any  cause.  The  course  of  the  disease  is 
from  its  nature  progressire;  occasionally,  however,  some  improve- 
ment succeeds  a  rapid  development  of  palsy,  and  is  due  to  the 
partial  recovery  of  a  cord  damaged  disproportionately  by  inflammation. 
It  is  seldom,  however,  that  life  is  prolonged  for  a  sufficient  length  of 
time  for  this  to  occur.  Much  more  rarely  the  pains  lessen,  although 
the  growth  spreads — ^perhaps  from  destruction  of  irritated  nerves. 

llie  duration  of  the  disease  varies  according  to  the  nature  of  the 
growth.  In  cancer  it  is  to  be  measured  by  months.  In  slowly 
growing  tumours  the  symptoms  may  last  for  years.  Death  may  be 
due  to  bedsores,  Ac.,  to  cystitis  and  kidney  disease,  to  growths  else- 
where, or  the  patient  may  be  simply  worn  out  by  the  prolonged 
agony.  In  one  curious  case  a  growth  &om  an  intervertebral  cartilage 
caused  characteristic  symptoms  for  thirteen  years^  and  then  death  by 
meningeal  hssmorrhage.* 

DiAaNOSis. — ^The  recognition  of  the  disease  is  only  a  matter  of  oer- 
tainty  when  signs  of  a  tumour  are  present,  but  the  probability  almost 
amounts  to  certainty  when  such  symptoms  as  those  mentioned  follow  a 
primary  growth  elsewhere.  Such  pain  as  that  above  described,  occur- 
ring in  a  person  from  whom  a  malignant  tumour  has  been  removed, 
should  always  be  regarded  with  grave  suspicion,  and  the  grounds  for 
this  are  not  lessened  by  either  an  interval  of  several  years  since  the 
removal  of  the  tumour,  or  by  the  completeness  with  which  this  was 
effected.  Especially  is  this  true  of  cases  of  mammary  cancer.  The 
pains  should  lead  to  careful  and  repeated  examination  of  the  spine  and 
a  seardh  for  any  abrupt  deviation,  of  any  kind,  and  in  any  part  of  the 
vertebral  column ;  while  the  cervical  spine  should  be  examined  at  the 
sides  and  from  the  posterior  triangle  of  the  neck,  the  character  of  the 
bony  prominences  on  the  two  sides  being  minutely  compared.  Indi- 
cations of  a  growth  may  often  be  thus  discovered  long  before  they  are 
obtrusive.  It  is  also  important  to  remember  the  fact  that  acute 
transverse  myelitis  may  be  an  early  effect  of  the  disease,  and  if  this 
lesion,  in  such  a  subject,  coincides  with  marked  local  tenderness,  the 
probability  of  secondary  growth  in  the  bone  is  very  great;  it  is 
rendered  still  greater  by  preceding  pains,  and  certain  by  coincident 
deformity. 

It  must  be  remembered  that  similar  root  symptoms  are  sometimes 
due  to  an  aortic  aneurism,  or  to  a  growth  in  front  of  the  vertebral 
column,  commencing,  for  instance,  in  the  glands,  and  irritating  the 
nerves  as  they  emerge  from  the  intervertebral  foramina. 

From  intercostal  neuralgia,  the  inBuence  of  movement  on  the  pain 
is  usually  a  sufficient  distinction,  even  when  cord  symptoms  are 
•  Boiveit,  'Arch,  de  Phji.,'  1887,  No.  8. 
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absent.  The  oommonlj  bilateral  character  of  the  pain  is  a  farther 
difference.  The  symptoms  of  a  growth  in  the  lower  ceryical  region 
are  sometimes  rerj  dosefy  simulated  bj  symptoms  which,  from  their 
character  and  course,  are  probably  due  to  radicular  neuritis.  There 
are  severe  root-pains,  referred  to  one  arm  (or  less  commonly  to  both 
arms),  increased  by  movement  and  without  marked  tenderness  of  the 
plexus  of  nerve-trunks.  The  subjects  are  also  in  the  later  period 
of  life.  The  distinction  rests  on  the  absence  of  the  signs  of  a  growth, 
on  the  slighter  efEect  of  motion  on  the  pains,  on  the  absence  of  an} 
progressive  tendency,  and  on  the  common  presence  of  a  history  oi 
gout,  and  especially  on  the  absence  of  any  symptoms  of  compression 
of  the  cord  even  after  the  nerve-roots  have  suffered  for  some  months. 
Sometimes  it  is  necessaiy  to  wait  and  watch  the  course  of  the  sym- 
ptoms. It  is  necessary  to  be  veiy  careful  in  assessing  the  value  of 
slight  irregularities ;  the  vertebra  prominens  is  apt  to  be  thought  to 
project  too  much  even  for  its  designation,  and  a  deep  bilateral  swelling 
is  readily  assumed,  under  normal  conditions,  when  the  head  is  bent 
forward. 

The  chief  difficulty  in  diagnosis  is  the  distinction  from  caries 
when  distinct  evidence  of  a  growth  is  absent.  In  the  first  hidf 
of  life  caries  would  alone  be  thought  of  in  such  a  case,  but  in 
the  second  half  the  two  diseases  are  about  equally  frequent.  One 
distinction — suggestive,  not  absolute — ^is  the  intensity  of  the  pain 
in  tumour,  taken  in  conjunction  with  its  great  increase  when  the 
patient  moves.  It  is  true  that  the  root-pains  of  caries  are  said  to  be 
sometimes  most  severe,  but  such  severity  is  not  frequent  enough  to 
destroy  the  significance  of  intensily.  I  have  not,  for  instance,  seen  a 
single  case  of  caries  (of  a  large  number)  in  which  the  pain  was  com- 
parable to  that  in  most  of  the  cases  of  growth  that  have  come  under 
my  observation.  Therefore,  while  absence  of  pain  is  of  slighter  dia- 
gnostic value  (in  favour  of  caries),  great  severity,  and  agonising 
inoreaae  by  movement,  are  strongly  in  favour  of  vertebral  growth. 
In  each  disease  there  may  be  angular  curvature ;  but  this,  in  growths, 
IS  usually  soon  succeeded  by  other  signs  of  tumour.  In  caries  these 
signs  are  absent^  and  an  abscess  often  develops.  A  history  or  indica- 
tion of  tubercle  is  almost  conclusive  evidence  of  caries.  Q^ese  points 
will,  I  believe,  avail  for  the  distinction  in  most  cases.  In  a  few  it  is 
necessary  to  wait  and  watch  before  an  opinion  can  be  formed. 

Among  other  diseases  with  which  these  growths  may  be  confoimded 
IS  the  dorsal  form  of  tabes,  in  which  severe  radiating  pains  occur  in  the 
trunk  and  not  in  the  legs.  But  the  wide  extent  of  the  root  symptoms, 
the  slight  effect  of  movement,  and  the  fact  that  the  knee-jerk  is  lost, 
suffice  for  the  distinction.  There  is  also  usually  more  extensive  dis- 
turbance of  sensation  on  the  trunk.  The  distinction  from  tumours  of 
the  spinal  cord  and  membranes  is  considered  in  a  later  chapter. 

Pboonosis. — ^The  prognosis  scarcely  requires  formulating.  The 
ehief  differences  are  in  the  time  that  life  is  likely  to  last.    The  pains 
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usuaOj  perrist^  in  spite  of  the  progress  of  the  disease^  slilioQgli  there 
is  a  bare  possibHitj  of  their  siiboideiice.  The  chance  of  any  return  of 
power  in  the  paralysed  part  is  small,  although  not  quite  absent  if  the 
palsj  derelops  in  a  manner  to  suggest  a  secondary  myelitis,  and  the 
progress  of  the  growth  itself  is  slow. 

TBBATmNT. — ^Possibly  in  a  few  cases  a  growth  may  be  so  placed  as 
to  be  removed,  and  an  exploratory  operation  would  be  justifiable  in 
any  case  that  might  proTO  suititUe;  otherwise  treatment  must  neces* 
sarily  be  confined  to  the  relief  of  paan,  and  to  the  avoidance  of  bed- 
Rores  and  other  results  of  the  cord  disease.  Morphia  is  alone  powerful 
for  the  relief  of  pain,  but  unhappily  the  dose  has  to  be  quickly 
increased,  and  the  power  of  the  drug  is  lessened  by  custom.  It 
becomes  a  race  between  dose  and  pain,  in  which,  if  life  lasts  long,  the 
pain  not  uncommonly  gets  in  front  of  the  narcotic.  Cocaine,  howerer, 
affords  some  relief  in  many  cases,  and  may,  with  other  anodynes,  ai 
least  prolong  the  influence  of  moderate  doses  of  morphia. 

Ybbtebbal  Ezostosbs. 

Exostoses  sometimes  grow  from  the  bodies  of  the  rertebne  into  the 
spinal  canal,  and  may  compress  the  cord  or  nerves.  They  are,  how- 
eyer,  exceedingly  rare.  The  symptoms  may  be  those  of  slow  compres- 
sion  of  the  cord,  or  of  irritation,  expressed  chiefly  by  pain.  They 
usually  resemble  those  of  a  tumour  of  the  cord  or  membranes  rather 
than  of  the  bones,  but  the  pain  is  occasionally  much  increased  by  moTO- 
ment.  Their  chief  characteristic  is  extreme  chronicity.  In  one  csM 
the  patient  suffered  frequent  intense  paroxysms  of  pain  in  the  right 
groin,  which  had  persisted  for  two  years,  with  occasional  intervals  of 
freedom.  There  was  some  weakness  of  the  legs,  but  no  considerable 
paralysis.  Ten  years  before,  he  had  had  some  loss  of  sensibility  in 
each  thigh,  which  had  passed  away.  An  intra-spinal  tumour  was 
diagnosed ;  the  post-mortem  examination  revealed  exostoses  from  the 
bodies  of  the  ninth  and  tenth  dorsal  vertebra,  slightly  compressing 
the  cord.  Although  extreme  chronicity  may  raise  a  suspicion  of 
exostosis,  it  is  doubtful  whether  a  confident  diagnosis  is  ever  justified 
except  in  the  cases  in  which  there  are  similar  exostoses  elsewhere. 
This  rare  indication  existed  in  a  patient,  under  the  care  of  my  col- 
league Dr.  Barlow,  who  presented  multiple  exostoses,  and  paraplegia 
of  gradual  onset,  which  was  supposed  during  life,  and  found  after 
death,  to  be  due  to  a  similar  exostosis  within  the  spinal  canaL  It  had 
sprung  from  one  of  the  lumbar  vertebrae,  and  had  compressed  the 
nerves  of  the  cauda  equina^ 

Exostoses  constitute  a  more  promising  field  for  the  surgeon  than 
other  kinds  of  vertebral  tumour.  Many  of  them  are  so  placed  that 
their  removal  is  feasible.  If  situated  in  front  of  the  cord,  the 
division  of  some  nerve-roots,  at  least  in  the  dorsal  region,  might 
permit  access  to  the  growth. 
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Syphilitic  Disbabi. 


Efjplxilitic  caries  of  the  bodies  of  the  rertebne  is  a  rare  variety,  the 
■yrnptonui  of  which  do  not  differ  from  those  of  the  scrofulous  form. 
It  has  been  observed  in  the  cervical  region,  secondary  to  deep  syphilitio 
ulceration  of  the  pharynx.  Nodes  of  the  vertebcsa,  -within  the  canal» 
are  occasionally  presumed  to  exist  and  to  compress  the  cord,  but  I  do 
not  know  of  any  pathological  observation  oonfirming  the  assumption, 
and  it  is  probable  that  most  of  the  supposed  instances  have  been  cases 
of  syphilitic  gummata  in  the  meninges.  Deep-seated  thickening  of 
the  tissues  about  the  cervical  vertebree  sometimes  oocurs  in  syphilitic 
subjects.  It  may  develop  on  one  side  or  both,  and  is  apparently  due 
to  a  syphilitic  cellulitis.  The  swelling  may  be  felt  either  on  each  side 
and  behind  the  upper  cervical  spine,  or  deep  in  the  posterior  triangle 
of  the  neck.  It  may  damage  the  nerves  before  they  enter  the  brachial 
plexus,  causing  a  defined  palsy,  as  in  one  case  of  the  lower  arm 
muscles.  Movements  of  the  neck  may  be  interfered  with,  and  irrita- 
tion of  the  nerves  may  cause  neuralgia-like  pain,  generally  felt  down 
the  ann,  and  often  very  severe.  Except  by  the  absence  of  nodula- 
tion,  it  is  scarcely  to  be  distinguished  from  a  deep-seated  growth, 
rhe  spmal  cord  does  not  usually  suffer.  All  the  symptoms  pass  away 
under  antisyphilitio  treatment.  In  one  late  case,  however,  iodide 
had  no  influence,  although  merouxy  quickly  cured. 

Ebosioh  bt  AjravBisx. 

Bonss^  Eke  other  structures,  may  atrophy  and  waste  before  the 
pressure  of  an  aneurism,  and  the  bodies  of  the  dorsal,  or  rarely  of 
the  lumbar  vertebrea  may  be  thus  eroded  by  aneurisms  of  the  aorta. 
The  pressure  and  absorption  take  place  from  the  left  side.  Two  or 
three  vertebrce  usually  suffer,  and  the  bodies  more  than  the  inter- 
vertebral cartilages.  The  periosteum  becomes  thickened,  and  may 
resist  the  pressure  and  to  some  extent  protect  the  cord.  Sometimes, 
however,  tiie  cord  becomes  compressed,  or  the  periosteum  may  come 
to  form  part  of  the  wall  of  the  aneurism,  and  may  g^ve  way  before 
the  blood-pressure,  so  that  rupture  occurs  into  the  spinal  canaL 

The  symptoms  vary  much.  Pain  along  the  nerve-roots  is  usually 
severe,  but  this  may  attend  aneurisms  that  merely  compress  the  nerves 
after  their  emergence,  and  do  not  damage  the  bone.  The  process  of 
erosion  is  usually  attended  by  severe  pain  in  the  spine.  But  in  the 
case  of  a  patient  under  the  care  of  Dr.  Hughlings  Jackson,  an  aneurism 
of  the  arch  of  the  aorta  had  eroded  the  spinal  column,  caused  pressure 
myelitis,  which  gave  rise  to  complete  paraplegia  and  paralysis  of  the 
sphincters,  without  causing  any  pain.  The  patient  died  of  kidney 
disease  secondary  to  cystitis.  When  the  cord  is  reached,  compres- 
sion causes  the  usual  paraplegic  symptoms,  of  slow  or  rapid  onset. 
Bupture  into  the  canal  is  attended  by  sudden  oomplete  paraplegia  and 
YOU  U  20 


806  DISEASES   OF   THE    SPINE. 

death,  either  immediate,  or  in  the  coarse  of  a  few  hours,  from  ascending 
paralysis,  due  to  the  hsBmorrhage  around  the  spinal  cord. 

The  diagnosis  is  scaroelj  possible  unless  other  indications  of 
aneurism  are  detected,  since  the  symptoms  closely  resemble  those  of  a 
growth  in  the  bone.  The  nature  of  the  disease  may,  howerer,  be 
suspected  if  such  symptoms  as  have  been  described  are  succeeded  by 
sudden  paraplegia  followed  quickly  by  ascending  paralysis. 

Hydatid  Dibbasx. 

Hydatid  cysts  sometimes  develop  in  the  loose  adipose  tissue 
between  the  dura  mater  and  the  bone,  and  it  is  believed  that  they 
sometimes  form  in  the  substance  of  the  bones  themselves.  About 
a  dozen  cases  have  been  collected  by  Leyden.*  As  the  cyst  grows, 
the  bone  of  the  arches  sometimes  becomes  atrophied  by  pressure,  and 
the  cyst  may  develop  outside  the  canal,  so  that  there  is  a  double 
oyst,  outside  and  inside,  connected  by  a  narrower  part.  Occasionally 
the  cyst  develops  also  in  front  of  the  spine,  in  the  thorax  or  abdomen. 
The  internal  cyst  necessarily  compresses  the  spinal  cord,  which  often 
abo  becomes  inflamed.  The  usual  paraplegic  symptoms  develop,  both 
motion  and  sensation  being  usually  lost.  Badiating  pains  along  the 
nerve-roots  are  frequent.  The  symptoms,  in  themselves,  resemble  too 
closely  those  caused  by  other  diseases  of  the  spinal  column  to  permit 
a  diagnosis  to  be  made,  imless  similar  disease  elsewhere  suggests  the 
nature  of  the  spinal  lesion,  or  unless  the  cyst  can  be  felt  in  the  back, 
when  a  puncture  may  prove  its  nature.  All  the  cases  hitherto  recorded 
have  terminated  fatally,  but  if  removal  can  be  effected  a  cure  may  be 
possible.  In  one  case,  however,  a  girl  aged  twenty-two,  in  whom  a 
small  tumour  beside  the  last  dorsal  and  first  lumbar  spines  was  opened 
(on  account  of  complete  palsy  of  legs,  bladder,  and  rectum),  a  con- 
tinuous discharge  of  echinococcus  cysts  occurred,  more  than  a  hundred 
escaping  in  the  course  of  four  monUis,  when  the  patient  died  in  conse- 
quence of  ascending  damage  to  the  cord.  The  tumour  had  been  noticed 
for  eight  years  before  death,  during  four  of  which  it  produced  sym- 
ptoms of  irritation  of  the  nerves,  and  finally  prominence  of  the 
vertebral  spines  developed.t  But  in  a  case  under  my  care,  with  sym- 
ptoms of  an  intra-spinal  timiour  in  the  lumbar  region,  Mr.  Horsley 
trephined  ibe  spine  and  found  a  quantity  of  hydatid  cysts  compressing 
the  cord.  These  were  removed,  and  the  patient  recovered,  but  the 
damage  was  too  great  to  allow  the  recovery  of  the  extensive  atrophic 
paralysis  produced  in  the  right  thigh  and  hip  muscles. 

Numerous  small  cysticercal  vesicles  have  also  been  occasionally 
found  within  the  dura-matral  sheath.  In  one  case  several  such 
vesicles  were  attached  to  nerve-roots,  one  to  each,  in  the  lumbar 
region,  while  a  considerable  nimiber  on  the  cervical  enlargement  wero 

•  <  Klioik  der  Kuckenm.  Kraiikh./  Band  i. 

t  Pecijkow,  «Med.  Obot.'  (Rum.),  uviii;  and  <  Cent.  f.  Nerv^  zii,  271« 
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beneath  tlie  ina  aradmoid.*  Such  cysts  may  compress  the  oovd, 
produdng  paraplegia,  and  even  death.  As  in  other  forms  of  oom- 
presaion,  the  paraplegia  maj  come  on  suddenlj.f 
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Latsuai.  Ovbtatubb  ov  thb  Sfinb  seldom  affects  the  fonctions 
of  the  cord.  Eren  when  slight  compression  has  occurred,  the  slow-* 
ness  of  its  production  has  apparently  prevented  interference  with 
function.  In  yeiy  rare  cases  some  weakness  of  the  legs  has  been 
present,  possibly,  but  not  certainly,  the  result  of  the  curvature.  Occa- 
sionallj  the  interrertebral  foramina  have  been  narrowed,  and  the 
pressure  on  the  nerves  has  caused  radiating  neuralgic  pains. 

Ybbtbbbal  Abthbitis. — In  chronic  rheumatoid  arthritis  the  inter- 
vertebral articulations  are  sometimes  involved.  The  symptoms  are 
local  pain,  tenderness,  and  limitation  of  movement,  whidi  may  go 
on  to  absolute  fixation,  especially  in  the  cervical  region,  if  anchj- 
losis  occurs.  I  have  known  the  whole  neck  to  be  rigid  from  this 
cause,  in  a  case  in  which  also  the  movement  of  the  lower  jaw  was 
much  reduced.  More  frequently,  movement  is  restricted  by  pain 
before  the  mechanical  limit  is  reached.  Sometimes  an  occasional 
clicking  sound  occurs.  Enlargement  of  the  ends  of  th<>  bones  may 
occur,  and,  in  thin  persons,  may  even  be  felt.  The  pain  is  increased 
by  movement,  and  often  bj  changes  in  the  weather,  and  by  fotigue. 
It  is  often  felt  through  a  considerable  extent  of  the  spine,  and  may 
extend  to  the  back  of  the  head.  The  cord  is  scarcely  ever  compressed* 
but  the  narrowing  of  the  foramina  may  damage  the  nerve-roots.  The 
articular  processes,  it  will  be  remembered,  form  one  side  of  the  inter- 
vertebral foramina,  which  are  thus  encroached  on  by  any  enlargement 
of  the  bones.  The  nerves  may  thus  be  compressed  and  irritated,  and 
radiating  pains  are  produced,  sometimes  even  a  descending  neuritis. 
The  nerve-trunks  in  the  limbs  may  then  become  tender  as  well  as 
painful ;  muscular  atrophy  may  even  occur,  and,  when  the  disease  is 
in  the  cervical  region,  lliere  may  be  symptoms  of  disturbance  of  the 
sympathetia  Spasmodic  torticollis  is  said  to  have  been  caused  by 
this  disease  in  the  cervical  region.  The  atlo-occipital  articulation 
has  been  affected  alone,  or  with  the  adjacent  vertebrse,  and  peculiar 
interference  with  the  movement  of  the  head  has  resulted.  Sometimes 
the  foramen  magnum  is  narrowed,  or  the  odontoid  process  projects 
into  the  canal.  Symptoms  of  damage  to  the  nerves  of  the  medulla 
have  also  been  produced  (Solbrig).  In  the  dorsal  region  the  sym- 
ptoms produced  are  slighter  in  degree,  but  similar  in  general  oha- 

*  Hirt,  'Berl.  U.  Woehenschr.,'  1887,  No.  8.  Tba  relation  of  the  sjmptoms  to 
the  parasitic  disease  is  doubtful  In  a  degree  that  makes  it  useless  to  mention  them. 

t  As  in  a  ease  recorded  by  Wicgand  f  Warsaw  Med.  Ob.f '  and  •  Cent  L  Nerv.,' 
1888,  666). 
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meter,  although  the  local  vpnptomB  nsuallj  prepondemte  orer  thoee 
of  irritation  of  the  nerves.    The  whole  spine  may  even  become  rigid. 

The  degree  in  which  the  morbid  process  causes  symptonui  yaries, 
however,  veiy  much  in  different  cases,  and  it  has  occasionallj  been 
found  out  at  the  post-mortem  examination  without  being  suspected 
during  life.  It  is  usuallj  associated  with  distinct  evidence  of  a  rheu- 
matic diathesis,  and  commonly  with  obvious  arthritis  elsewhere. 
This  is  the  most  important  diagnostic  indication  as  to  the  cause  of 
the  spinal  symptoms,  but  it  must  be  remembered  that  the  vertebral 
afiEection  sometimes  exists  alone,  and  it  may  cause  symptoms  during 
many  years,  often  when  their  nature  is  unsuspected.  It  occurs  in  both 
sexes,  and  is  met  with  in  young  women,  in  whom  th«3  symptoms  are 
often  ascribed  to  hysteria.  The  treatment  is  the  same  as  that  of 
the  general  disease,  nerve  symptoms  alone  needing  special  treatment, 
aiioh  as  is  described  in  the  section  on  diseases  of  the  nerves.  The 
most  important  point  in  regard  to  the  malady  is  its  diagnosis,  because 
distant  nerve-pain  is  liable  to  be  regarded  as  unconnected  with  local 
disease,  or  the  disease  to  be  thought  far  more  serious  than  it  really  ia» 
and  especially  to  be  mistaken  for  ohronio  meningitis  or  maliguant 
disease^  or  oven  tubercular  mischief. 


DISEASHa  OF  THE  MEMBBANES  OF  THE  aPIKAL  OOBD. 

The  general  arrangement  of  the  membranes  of  the  spinal  cord  has 
been  aheady  mentioned  (p.  199).  The  pia  mater  closely  invests  the 
cord,  while  the  arachnoid  forms  a  loose  sheath  around  it,  and  the  two 
membranes  are  connected  by  trabeculiB  and  membranous  expansions  of 
fine  connective  tissue,  which  occupy  the  "  subarachnoid  space.'*  Each 
surface  of  the  dura  mater  is  covered  by  a  layer  of  epithelium.  The 
outer  sheaths  of  the  nerves  are  continuous  with  this  membrane ;  the 
connective  tissue,  within  the  outer  sheath,  is  continuous  with  both  the 
pia  mater  and  arachnoid.  The  blood-vessels  of  the  cord  ramify,  as  we 
have  seen,  in  the  pia  mater,  and  the  lymphatic  canals  of  the  two  axe 
continuous.  Most  of  the  oerebro-spinal  fluid  within  the  vertebral 
canal  is  contained  in  the  subarachnoid  space,  but  there  is  a  little  fluid 
between  the  dura  mater  and  the  arachnoid.  Both  membranes  are 
supplied  with  nerves,  but  those  of  the  pia  mater  axe  the  more  abun> 
dant. 

The  morbid  processes  that  involve  the  membranes  are  chiefly  three 
— growth,  h»morrhages,  and  inflammation.  Tumours  of  the  mem- 
branes may  be  conveniently  considered  in  connection  with  those  of  the 
ipinal  oozd.    Inflammation  and  hsmorrha^  will  be  here  described. 
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SPINAL   MENINGITIS:    INFLAMMATION  OP  THE 
MEMBRANES   OF  THE   SPINAL   COED. 

Inflammatioii  of  the  membranes  maj  be  acute  or  ehronio,  and  may 
begin,  and  affect  chiefly,  the  dura  mater  (pachymeningitUf  t.  a.  inflam- 
mation of  the  firmer  membrane),  or  the  pia  mater  (leptomeningitiB^ 
inflammation  of  the  Bofter  membrane).  The  arachnoid  UAuaUy  suffars 
with  the  pia  mater,  but  is  tometimeB  the  Beat  of  inflammation  that 
affects  the  pia  mater  but  little,  a  form  that  has  been  termed  atachnitie. 
Acute  inflammation,  beginning  in  one  membrane,  usually  spreads  to 
the  others.  Chronic  inflammation  may  remain  limited  to  one  mem- 
l»ase,  dura  mater  or  pia  mater. 

All  forms  of  acute  inflammation,  whereyer  they  begin,  cause  similar 
symptoms.  It  is  only  when  tlie  inflammation  is  chronic  that  the 
symptoms  may  differ  sufficiently  to  allow  of  a  precise  diagnosis. 

Signal  meningitis  may  be  conveniently  divided  into  two  forms, 
which  depend  on  the  situation  of  the  inflammation  in  regard  to  the 
dura  mater :  (1)  that  which  begins  outside  this  membrane,  and  some- 
times arises  by  eactension  from  some  adjacent  focus  of  inflammati<m 
— oBtemal  meningitU;  (2)  that  which  begins  within  the  dura-matral 
sheath,  and  is  often  primaiy — internal  meningiH9. 

EXTBMNAL  MENINQITIS. 

External  meningitis  is  thus  an  inflammation  of  the  dnra  mater.  It 
has  been  termed  external  pachymeningitis*  peripachymeningitiMt  and 
verimeningitie.  The  inflammation  inyolyes  not  only  the  membrane, 
but  also  the  connectiye  tissue  outside  it,  in  which  are  the  venous 
plexuses  and  adipose  tissue.  This  connective  tissue  may  be  inflamed 
before  the  membrane  itself.  The  morbid  process  usually  remains 
limited  to  the  outer  surface  of  the  dura  mater,  even  when  the  inflam- 
mation is  acute  and  intense,  passing  through  it  only  in  rare  cases. 

Cattbbb. — ^External  meningitis  is  generally  due  to  extension  from 
some  contiguous  disease,  especially  of  the  bones  of  the  spine,  caries  of 
which  is  the  most  frequent  cause  of  the  affection.  It  results  also  from 
other  forms  of  bone  disease,  and  a  syphilitic  inflammation  is  probably, 
in*rare  cases,  associated  with  syphilitic  disease  of  the  vertebne.  Sudi 
secondaiy  external  meningitis  is  generally  limited  in  extent  and 
chronic  in  course.    Deep  sacral  bedsores,  however,  sometimes  cause 

*  Ptoehjniciiingliis  interna  hamorrhagica  hM  alio  been  defrribeil, — an  inflmn- 
matioB  alRwting  the  Inner  lurfaoe  of  the  dura  mater,  giving  rise  to  a  fibrinoue 
membrane  stnUded  with  minnte  hamorrhaget.  it  is  fonnd  In  general  paraljsiiy 
aud  al»o  aesociated  with  alcoholism,  with  cerebrnl  tubercalar  meningitis,  and  as  a 
fcsult  of  injury.  But  in  auch  eonditioni  the  pia  araehnoid  ie  aleo  asually  involted 
(see  Internatl  Meningitis). 
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an  acute  inflammation,  whicli  may  spread  widelj.  An  ascending 
neuritiB  has  been  supposed  in  some  cases  to  set  up  local  inflammation. 
Suppuration  adjacent  to  the  vertebral  column  is  sometimes  associated 
with  a  general  acute  purulent  meningitis,  and  has  generally  been 
regarded  as  the  cause  of  the  latter;  but  careful  observations  hare 
rendered  it  probable  that  in  most  cases  the  external  suppuration  has 
been  the  consequence,  and  not  the  cause,  of  the  meningitis.  It  is 
certain  that  acute  general  external  meningitis  occurs  as  a  primary 
disease,  and  may  run  an  intensely  rapid  course  with  profuse  suppura- 
tion between  the  membrane  and  the  bone.  The  subjects  have  gene- 
rally been-  young,  ill-nourished  adults,  and  when  any  exciting  cause 
has  been  traced,  this  has  usually  been  exposure  to  cold.  In  some 
cases  the  pus  has  worked  its  way  backwards  between  the  yertebral 
arches  (sometimes  through  the  foramina),  and  has  spread  among  the 
muscles  of  the  back,  sometimes  forming  also  collections  at  one  or 
more  spots,  either  at  the  back  or  in  front  of  the  spine, — under  the 
pleura,  for  instance,  or  behind  the  peritoneum.  Such  local  collec- 
tions of  pus  were  also  formerly  r^arded  as  the  cause  of  the  menin- 
gitis. It  is  still  possible  that  this  mechanism  is  effectiye  in  some 
instances,  as  when  a  retro-pharyngeal  abscess  is  followed  by  the 
meningeal  affection ;  but  it  is  certain  that  in  many  cases  the  actual 
relation  is  the  reverse,  and  that  the  external  suppuration,  in  acute 
cases,  is  often  secondary.*  Hence  it  is  probable  that  this  is  true  of 
all  cases  in  which  the  evidence  of  primary  external  disease  is  not  con- 
clusive. At  the  same  time  further  observations  are  needed  to  decide 
the  point. 

Pathological  Anatomy. — ^The  inflammation  is  sometimes  simple, 
but  much  more  frequently  purulent  or  semi-purulent.  If  simple,  the 
dura  mater  may  be  merely  reddened  and  opaque,  with  a  little  lymph 
on  the  surface ;  when  purulent,  the  surface  is  covered  by  a  layer  of 
pus.  In  the  more  common  semi-purulent  form,  such  as  is  common  in 
caries  of  the  spine,  a  layer  of  inflammatory  products  covers  the  outer 
surface  of  the  dura  mater,  soft,  semi-caseous  or  Ann  caseous  material, 
sometimes  with  liquid  pus  here  and  there  in  the  firmer  substance^ 
Often  the  inflammatory  products  undergo  development  into  fibroid 
tissue,  a  mass  of  which  then  lies  between  the  dura  mater  and  the 
bones.  Such  a  layer,  caseous  or  fibroid,  may  sometimes  be  half  an 
inch  thick  (see  Fig.  92,  p.  288).  It  may  either  surround  the  dura 
mater,  or  be  chiefly  on  one  side.  Sometimes  there  is  an  irregular 
nodular  thickening  of  the  outer  layer  of  the  membrane  (Fig.  93).  In 
most  cases  the  inner  surface  is  normal,  even  when  the  cord  itself  is 
inflamed.  Occasionally  the  inner  surface  of  the  dura  mater  is  also 
inflamed,  and  then  the  internal  membranes  are  involved  and  adhe- 
sions form  between  them. 

In  all  forms  of  external  inflammation,  the  fat  outside  the  dura 

•  Two  instructive  cases  are  recorded  by  Dr.  W.  H.Spencer, '  Lancet,'  1870, Tol.i» 
and  Dr.  Haguire,  ib.,  1888,  voU  iL 
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mater  quickly  become.*  absorbed,  and  the  membrane  may  ultimately 
become  adherent  to  the  bone,  or  connected  with  it  by  intervening 
fibrous  tissue  of  inflammatory  origin. 

The  Tertical  extent  ol  the  disease  varies  much ;  when  secondary  to 
caries  the  inflammation  is  usually  limited  to       p        _  - 
the  neighbourhood  of  the  bone  disease.     When       ! 
acute  and  general,  as  in  the  primary  form,  the 
space  between  the  membrane  and  the  bone  is 
filled  with  pus  through  the  whole  length  of  the 
canal.    Occasionally  the  pus  only  lies  behind 
the  membrane,  between  it  and  the  arches  of     ^  :.% 

the  vertebr©,  apparently  determined  in  posi-     jr       .     "   T ,  :     1 
tion  by  gravitation.      It  ceases  in  the  upper     T 
cervical  region,  where  the  dura  mater  is  in     i  \ 

closer  contact  with  the  bone,  its  ascent  being  f 
perhaps  also  hindered  by  gravitation  as  the  ^ 
patient  lies  with  the  head  raised.    As  already     I  \^ 

stated,  pus  is  often  found  among  the  muscles  \ 
of   the    back   (having    escaped    between   the     i  . 

arches),  and  sometimes  collections  are  found 
in  front  of  the  spine.  The  amount  outside  is 
no  doubt  increased  rapidly  by  the  local  suppu- 
ration excited  by  the  presence  of  the  pus.  In 
these  cases  the  membrane  itself  is  swollen,  and 
has  a  sodden  aspect,  resembling  a  piece  oi  ^i^ 

wash-leather,  being  softened  in  proportion  to 
the  duration  of  the  affection.  The  inner  sur- 
face is  usually  normal,  and  the  pia  mater  is 
either  unchanged  or  merely  congested.  i 

SncPTOMs. — ^In  different  cases  of  external  _,     „  ^_,  ^      ,"^; 
.      ...     .,  .  V         J  XI.        PiO. 88.— External  pHchy- 

meningitis  tne  symptoms  vary  mucn,  and  tney  meningitis  j  nodular 
are  usually  complicated  with  those  of  the  thickening  of  outer 
cause  of  the  inflammation.  Those  that  occur  ^^^'/of  the  •p"t!''  ^ 
in  caries  have  been  already  described.  In 
most  acute  cases  the  symptoms  are  nearly  the  same  as  those  of 
internal  meningitis,  although  they  are  subject  to  greater  variations, 
and  more  frequently  have  unusual  and  anomalous  manifestations, 
presently  to  be  described.  The  chief  symptoms  are  pain  in  the 
back,  often  referred  to  the  loins,  increased  by  movement,  accom- 
panied by  stiffness  of  the  muscles  of  the  spine,  severe  root-pains,  and 
cutaneous  hypersesthesia.  The  pains  are  usually  associated  with 
spasm ;  the  hypersesthesia  may  be  followed  by  ansesthesia,  and  some- 
times by  pandysis  of  the  muscles  supplied  by  the  irritated  and 
damaged  nerves.  When  there  is  a  rapid  formation  of  pus,  the  fimc- 
tions  of  the  cord  itself  are  rapidly  interfered  with  in  consequence  of 
its  compression,  and  the  symptoms  of  irritation  are  to  a  large  extent 
replaced  by  those  of  paralysis,  beginning  in  the  legs  and  ascending. 
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The  motor  paby  is  acoompanied  by  flacddity  of  the  muscIeB  and  lot« 
of  all  reflex  actions.  Sensation  may  also  be  lost,  or  may  be  preserved 
or  changed.  The  sphincters  are  usually  paralysed.  Bedsores  form 
rapidly  if  life  is  sufficientiy  prolonged.  A  peculiar  lividity  of  the  skin 
hBA  been  sometimes  noted.  In  these  acute  cases  thet^e  is  much 
ooEstitutional  disturbance,  rigors,  profuse  sweating,  and  high  f ever,  in 
one  case  amounting  to  110^  (Maguire). 

In  local  secondary  forms  the  symptoms  differ  in  character  according 
to  the  acuteness  of  the  inflammation,  and  in  distribution  according  to 
its  seat.  Although,  as  a  rule,  pain  is  considerable,  other  signs  of 
irritation,  stiffness  and  muscular  spasm,  are  generally  inconspicuous, 
and  the  symptoms  resemble,  and  are  merged  in,  those  due  to  the 
disease  by  which  the  meningitis  is  produced. 

Diagnosis.— The  most  important  indications  of  the  chronic  form 
are  the  Tertebral  pain  and  the  radiating  pains,  with  other  symptoms 
of  irritation  of  the  nerve-roots,  combined  with  the  signs  of  pressure 
on  the  cord.  These  symptoms  are  seldom  distinct  from  those  of  the 
cause  of  the  external  inflammation ;  the  meningitis  is  indeed  the  chief 
mechanism  by  which  the  local  disease  causes  its  nerve  manifestations. 

The  acute  form  causes  symptoms  that  have  much  in  conunon  with 
those  of  internal  meningitis.  It  is  indeed  doubtful  whether  the 
diagnosis  can  be  made  from  the  character  of  the  nerve  symptoms 
alone.  The  special  indication  of  the  seat  of  the  process  is  furnished 
by  evidence  of  its  extension  to  or  from  the  structures  outside  the 
spine.  If  such  acute  symptoms  are  secondary  to  external  disease  that 
clearly  preceded  the  meningeal  inflammation,  this  may  safely  be 
assumed  to  be  outside  the  dura  mater.  In  a  case  of  apparently 
primary  meningitis  a  careful  watch  should  be  kept  on  the  tissues  ol 
the  back;  any  sign  of  deep  oedema  among  the  muscles  beside  the 
vertebral  column,  in  such  a  case,  is  probable  evidence  of  commencing 
purulent  inflammation  extending  from  within,  and  the  development  of 
acute  local  inflammation  in  either  the  pleura,  posterior  mediastinum, 
back  of  the  abdomen,  or  behind  the  pharynx,  has  the  same  signifi- 
cance. It  is  important  that  the  nature  of  such  symptoms  should  be 
kept  in  mind,  as  otherwise  the  occurrence  increases  the  perplexing 
character  of  the  case.  It  is  probable  that  the  nature  of  many  dases, 
which  remain  undecided  during  life,  would  be  rendered  clear  bj 
repeated  careful  observation. 

Pboonosis. — The  acute  affection  is  exceedingly  grave.  Eecorded 
cases  have  ended  in  death,  but  this  termination  has  been  a  condition 
of  the  diagnosis ;  and  it  is  possible  that  some  cases  which  have 
recovered,  in  which  the  exact  seat  of  the  inflammation  was  uncertain, 
may  have  been  instances  of  this  form,  and  that  the  fatality  of  the 
disease  may  not  be  so  great  as  published  facts  suggest.  But  on  this 
point  only  future  observations  can  throw  light.  Chronic  external 
meningitis  which  results  from  caries  is  only  serious  in  the  compres« 
sion  it  exerts  on  the  cord. 
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Tbsatmbnt.— The  local  form  nlaofb  affords  an  opportunitj  for 
effective  treatment.  The  first  and  most  important  element  is  the 
treatment  of  the  original  cause  of  the  disease,  the  caries,  Ac.»  to  which 
the  meningitis  is  secondary.  Any  accessible  collection  of  pus  should 
be  opened,  and  if  acute  lo<»l  symptoms,  in  a  case  of  bone  diseane, 
suggest  the  passage  of  pus  into  the  vertebral  canal,  the  propriety  of 
immediate  trephining  should  be  considered.  Best,  counter-irritation 
to  the  spine,  especially  the  actual  cautery,  sedatives  to  relieve  the 
pain,  and  tonics  are  the  most  important  measures  in  chronic  cases. 
So  far  as  the  acute  form  is  open  to  treatment,  the  measures  suitable 
are  those  for  the  internal  variety.  In  a  subacute  case,  a  free  exit 
ahotdd  be  afforded  to  the  piui.  An  opportunity  for  this  very  seldom 
presents  itself,  but  may  perhaps  be  furnished  by  sufficiently  frequent 
emnination  more  often  ^laa  has  hitherto  been  ^  oasai 
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Internal  meningitis,  inflammation  beginning  within  the  dura-matral 
•heath,  may  be  either  acute  or  chronic.  The  acute  form  usually  com* 
menoes  in  the  pia  mater  and  arachnoid ;  the  chronic  forms  may  begin 
in  these  membranes,  or  in  the  inner  surftuse  of  the  dura  mater.  Little 
is  known  practically  of  any  separate  affection  of  the  arachnoid. 

AouTB  Intebnjll  MsNiKoins. 

Internal  meningitis,  for  the  reason  already  mentioned,  has  been 
termed  "leptomeningitis,"  but  the  acute  form  only  remains  limited 
to  those  membranes  when  of  slight  degree.  In  some  cases  the  inner 
surface  of  the  dura  mater  is  also  inflamed.  Frequently  the  inflam- 
mation extends  rapidly  to  the  cord,  and  to  sudi  cn^es  the  term 
'*  meningo-myelitis  "  is  often  applied ;  in  other  cases,  strange  to  say, 
no  extension  to  the  cord  takes  place.  The  inflammation  may  be 
either  simple  or  purulent,  or  it  may  be  secondary  to  tubercle.  It 
also  occurs  in  conjunction  with  cerebral  meningitis  in  the  epidemic 
form.    Acute  simple  spinal  meningitis  is  a  rare  disease. 

The  immediate  causes  that  have  been  traced  are  in  part  such  as 
have  a  local  action ;  in  part  they  are  general  morbid  influences,  such 
as  give  rise  to  other  internal  inflammations,  and  have  been  effective 
in  causing  meningitis  in  consequence  either  of  some  personal  predis- 
position, or  in  consequence  of  a  peculiarity  in  the  agent,  which  led  to 
a  specific  action  on  these  structures. 

(▲)  The  local  causes  may  be— (1)  Injuries  to  the  spine,  severe  or 
slight,  from  fracture  to  simple  dislocation;  concussion;  surgical 
procedures,  such  as  an  operation  on  the  vertebral  column,  or  the 
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puncture  of  the  lao  in  spina  bifida.  (2)  The  exposure  of  the  back  to 
cold  has  been  the  apparent  cause  in  rare  cases ;  and  still  more  rarely 
the  prolonged  exposure  of  the  spine  to  the  sun,  "  spinal  insolation/' 
has  seemed  to  be  effectiye.  (8)  Adjacent  inflammation  has  sometimes 
caused  internal  meningitis,  but  in  such  cases  external  meningitis  has 
of  necessity  been  first  produced,  and  the  inflammation  has  passed 
through  the  dura  mater.  Hence  all  the  causes  of  acute  external 
meningitis  are  also  occasional  causes  of  the  internal  form.  But,  as  al- 
ready stated,  such  extension  through  the  sheath  is  very  rare,  and  there 
is  some  doubt  as  to  the  precise  nature  of  many  of  the  cases  in  which  it 
has  been  supposed  to  occur.  We  have  seen  that  in  many  of  the 
instances  in  which  external  meningitis  has  been  ascribed  to  adjacent 
suppuration,  the  latter  has  been  secondary,  and  the  meningitis  has 
been  the  result  of  a  primary  blood-state.  When  in  such  cases  there 
has  been  both  internal  and  external  meningitis,  it  is  probable  that  the 
former  has  not  been  due  to  actual  extension  through  the  dura  mater, 
but  that  both  have  been  the  simultaneous  result  of  a  general  cause. 

(b)  In  a  few  cases  acute  internal  meningitis  is  due  to  the  extension 
of  inflammation  from  the  cerebral  membranes.  Such  extension  is 
rarely  traced,  however,  except  in  two  classes  of  cases : — (1)  Those  in 
which  slight  meningitis  is  found  in  the  upper  cervical  region,  as  far 
as  gravitation  favours  the  descent  of  solid  particles  in  the  cerebro- 
spinal fluid  as  the  patient  lies  in  bed.  The  inflammation  ceases  when 
the  spine  becomes  horizontal :  for  the  most  part  symptoms  are  slight 
or  absent  in  such  cases.  (2)  In  cases  in  which  a  general  spinal 
meningitis  has  been  secondary  in  point  of  time  to  inflammation  of  the 
cerebral  membranes  the  affection  has  generally  been  due  to  some 
cause  capable  of  acting  upon  both,  such  as  the  local  presence  of 
tubercles  or  a  morbid  blood-state  of  the  character  to  be  immediate^ 
mentioned. 

(o)  The  most  acute  and  severe  forms  of  internal  meningitis  are 
due  to  a  morbid  blood-state,  either  septicsemia  or  a  virus  allied  to  that 
which  causes  the  cerebro-spinal  form.  Purulent  meningitis  occurs  in 
cases  of  surgical  and  puerperal  septicsmia,  both  with  and  apart  from 
a  similar  affection  of  the  cerebral  membranes.  Acute  inflammation, 
purulent  when  intense  and  prolonged,  occurs  also  as  an  isolated 
malady,  sometimes  without  apparent  exciting  cause,  sometimes  after 
exposure  to  cold.  In  such  cases  organisms  have  been  found  in  the 
spinal  fluids,  analogous  to  those  of  the  cerebro-spinal  form,  in  connec- 
tion with  which  the  pathological  relations  will  be  more  fully  con- 
sidered. It  probably  results  from  a  blood-state  not  far  removed 
frotn  those  which  cause  some  other  forms  of  internal  inflammation, 
an<l  which  give  rise  to  acute  articular  rheumatism.  General  exposure 
to  cold  must  bo  assumed  to  cause  so  special  an  effect  only  through 
the  agency  of  toxaemia,  such  as  that  which  has  been  already  con- 
sidered as  underlying  the  rheumatic  form  of  acute  polyneuritis.  Such 
exposure  has  been  apparently  rendered  effective  in  some  instances  by 


INTERNAL   MENINGITIS.  815 

coinddent  menstruation,  which  may  have  produced  a  epedal  suscepti- 
bility to  the  attack,  or  favourable  conditions  for  the  development  of 
some  organised  virus,  such  as  seems  to  be  the  essential  factor  in  the 
causation  of  these  forms.  The  exposure  to  cold  that  has  been  effective 
has  presented  all  the  variations  that  are  met  with  in  the  case  of 
other  diseases  thus  produced,  variations  which  are  common  to  so 
manj  maladies  that  they  can  have  no  special  relation  to  anj  one  of 
them.  Lastly^  as  a  crucial  example  of  this  origin  of  the  disease,  is 
the  important  fact  that  it  may  follow,  or  occur  in  the  course  of,  certain 
acute  specific  diseases,  as  one  consequence  of  the  virus  that  produces 
them. 

Patholooioal  Anjltomt. — ^Internal  meningitis  is  usually  of  wide 
extent,  since  the  inflammation  spreads  readily  in  the  loose  tissue  of 
the  arachnoid.  Probably  also  the  movement  of  the  cerebro-spinal 
fluid  aids  in  the  extension  of  local  forms  and  in  the  descent  of  intra- 
cranial inflammation  by  conveying  irritant  material.  In  the  case  of  a 
patient  w&o  had  been  in  bed  for  some  time  the  precise  level  at  which 
such  slight  descending  meningitis  ceases  may  be  that  at  which  the 
vertebral  coliunn  becomes  horizontaL  In  the  earliest  stage  the  only 
change  is  congestion  in  the  pia  mater,  which  is  reddened  from  vascu- 
larity, and  may  be  dotted  witli  ecchymoses. .  The  inner  surface  of  the 
dura  mater,  and  the  substance  of  the  spinal  cord,  may  be  similarly  con- 
gested. When  the  inflanmiation  is  further  advanced,  in  the  stage  in 
which  the  condition  most  often  comes  under  observation,  the  pia 
mater  and  arachnoid  are  opaque  and  thickened,  and  an  "  exudation  '* 
of  inflammatory  products,  greyish  yellow  in  tint,  may  cover  the 
pia  mater  and  occupy  the  meshes  of  the  arachnoid,  forming  a  layer 
over  the  cord.  This  exudation  varies  in  its  consistence,  and  may 
be  semi-purulent  in  aspect ;  in  the  suppurative  form  the  membranes 
are  infiltrated  with  pus,  which  also  covers  their  surface.  The  inner 
surface  of  the  dura  mater  usually  presents  similar  changes,  and 
the  inflammatory  products  may  fill  up  the  whole  space  between 
the  dura  and  pia  mater,  thus  connecting  the  two  membranes  and 
surrounding  the  nerve-roots  (Pig.  94).  The  microscope  show» 
abundant  leucocytal  elements,  and  the  larger  round  and  spindle  cells 
that  are  common  in  all  inflammatory  products.  The  former  corpuscles, 
which  resemble,  and  are  probably  identical  with  pus-corpuscles,  may 
be  abundant,  even  when  the  exudation  has  not  a  distinctly  purulent 
aspect ;  when  it  lias,  they  constitute  almost  the  whole  of  the  material, 
lying  among  the  fibres  of  the  arachnoid  (Fig.  95).  The  vessels  are 
dilated,  and  tlioir  sheaths  distended  with  cells.  The  spinal  fluid  is 
increased  in  quantity,  and  turbid  from  flocculi,  or  even  purulent  in 
aspect.  The  nerve-roots  are  covered  with  exudation,  and  are  often 
swollen  and  reddened  from  invasion  by  the  inflammation.  But  they 
do  not  always  suffer,  even  in  purulent  meningitiB,  as  Fig.  95  shows,  in 
which  a  nerve-root  is  almost  normal  in  aspect,  and  its  sheath  is 
unaffected,  although  it  is  suirounded  by  pus-cells.    The  spinal  ooid 
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IB  often  inraded  bj  the  inflammatioii ;  it  is  then  reddened,  pale,  and 
toftened,  and  the  microscope  show  the  tiaiue  changes  common  in 


Pio.  95. 


Fio.  94. — Purulent  mening^itis  i  portion  of  spmfll  cord  and  membranes  |  the  space 
Ivetween  the  pia  mater  and  dura  mater  Is  occupied  by  Inflammatory  products,  pus, 
Ac,  In  which  the  nerve-rooU,  n  n,  are  embedded,  a  a.  Cavities  which  had 
apparently  been  filled  with  liquid  put.  From  a  case  of  septic  origin,  aeooodary  to 
CHries  of  the  Jaw. 

Fio.  95.— From  the  same  t  meshee  of  arachnoid  infiltrated  with  pns-corpnsnlas. 
A  nerve-rooty  »,r.,  although  snrroundod  by  pus, id  perfectly  normal;  and  to  also  are 
the  pia  mater»  ji.  m.,  and  the  periplierul  layer  of  the  spinal  cord,  t.0L 

other  forms  of  myelitis.  The  change  is  always  most  marked  in  the 
periphery  of  the  cord,  and  may  occur  in  wedge-shaped  areas,  haying 
the  apex  directed  inwards,  and  coalescing  at  the  surface.  The  peri- 
pheral uterioles  come  from  the  pia  mater  (see  Vessels),  and  the 
continuation  of  their  periyascular  spaces  with  the  lymphatic  interstices 
of  the  membranes  renders  it  easy  to  understand  the  invasion  of  the 
cord.  Nevertheless  in  some  cases,  especially  of  purulent  meningitis, 
the  pia  mater  itself  is  little  affected,  even  when  the  arachnoid  is  filled 
with  pus,  and  in  these  cases  the  spinal  cord  may  be  normal,  as  in  the 
example  shown  in  Fig.  94.  If  recovery  takes  place,  the  inflammatory 
products  may  undergo  cicatricial  changes,  the  membranes  remaining 
opaque  and  adherent,  and  there  may  be  a  permanent  excess  of  arach- 
noid fluid.  The  changes  in  the  cord  may  lead  to  sclerosis,  widely 
spread,  or  limited  to  certain  spots,  and  from  these  secondaiy  degene- 
rations, ascending  and  descending,  may  develop. 

The  area  affected  varies  in  different  cases;  the  membranes  are 
involved  in  their  whole  extent  in  most  acute  forms.  Usually  the 
affection  is  greater  on  the  posterior  than  on  the  anterior  surface; 
probably  on  account  of  the  influence  of  the  recumbent  posture,  which 
determines  the  passage  backwards  of  the  lymphatic  fluids  containing 
material  capable  of  exciting  and  increasing  the  inflammation. 
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In  tuberoular  mflammatioa  the  amount  of  exudation  is  usuaUy 
small*  and  it  may  be  abacsat.  It  is  often  grey  and  gelatinous  in 
appearance,  and  in  it  are  scattered  the  greyish  or  whitish  tubercular 
granulations.  Similar  granulations  may  usuallj  be  found  in  abundance 
upon  the  inner  surface  of  the  dura  mater.  Such  gxej  granulations 
are  often  found  upon  the  spinal  membranes  in  oases  of  tuberculosis 
when  there  is  no  inflammation,  eyen  when  the  cerebral  membranes 
are  intensely  inflamed.  The  arachnoid,  especially  that  covering  the 
Cauda  equina,  may  appear  as  if  dusted  orer  with  grey  particles,  so 
abundant  are  the  granulations. 

In  many  cases  the  signs  of  spinal  meningitis  are  associated  with 
those  of  inflammation  of  the  membranes  of  the  brain,  especially  of 
those  about  the  base  and  posterior  part  of  the  brain.  The  continuity 
of  the  spinal  and  cerebral  inflammation  may  be  obvious  or  indistinct. 
In  the  latter  case  the  connecting  inflammation  has  apparently  been 
much  slighter  than  that  in  the  base  of  the  brain  or  around  the  cord, 
so  slight,  indeed,  as  to  have  left  no  distinct  traces,  the  inflamma- 
tion having  apparently  extended  in  consequence  of  the  passage  of 
morbid  material  by  the  cerebro-spinal  fluid.  In  cases  of  slight  cere- 
bral meningitis,  in  which  the  patient  has  been  recumbent,  signs  of 
spinal  meningitis,  opacity  of  the  arachnoid  and  its  distension  with 
dightly  turbid  fluid,  may  exist  only  in  the  cervical  region,  ceasing 
opposite  the  upper  dorsal  vertebrse,  and  thus  extending  as  far  as 
gravitation  (the  head  being  slightly  raised  on  a  pillow)  favoured 
the  descent  of  inflammatory  products.  But  in  the  violent  purulent 
cerebro-spinal  meningitis,  which  is  occasionally  produced  by  a  septio 
influence,  pus  around  the  cord  is  often  continuous  with  that  which 
bathes  the  base  of  the  brain.  In  a  case  of  this  kind,  in  which  the 
meningitis  was  seoondaxj  to  acute  double  purulent  otitis,  Leyden 
found  abundant  active  micrococci,  very  similar  to  those  associated 
with  erysipelaa.  In  other  acute  cases  organisms  have  been  found 
similar  to  those  of  pneumonia,  and  met  with  also  in  the  epidemic 
oerebro- spinal  form. 

Stvptomb.— Slight  pain  in  the  back,  and  malaise,  may  precede  the 
acute  onset  of  the  symptoms.  This  is  usually  marked  by  a  rigor,  by 
pyrexia,  and  by  severe  pain  in  the  back.  The  latter  varies  in  posi- 
tion according  to  the  locality  of  the  inflammation,  but  is  often  felt 
■long  the  whole  extent  of  the  spine.  Pain  also  radiates  along  the 
distribution  of  the  nerves,  rotmd  the  trunk,  or  to  the  extremities. 
This  excentric  pain  is  paroxysmal  and  intense;  sharp,  darting,  bum* 
ing,  or  constricting.  The  pain  in  the  back  is  usually  constant,  with 
exacerbationa.  It  is  often  increased  by  movement,  usually  also  bj 
pressure,  and  by  the  application  of  a  hot  sponge  to  the  skin.  It  is  no 
doubt  due  to  the  irritation  of  the  inflamed  meninges,  while  the  radi« 
ating  pain  is  produced  by  the  irritation  of  the  sensory  nerve-roots. 

Muscular  spasm  usually  comes  on  at  the  same  time  as  the  pain. 
It  shows  itself  first  in  rigidity  of  the  muscles  of  the  baek,  most 
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marked,  if  the  inflammation  is  local,  in  the  neighbonrhood  of  the 
iuflamed  part.  This  rigidity  is  an  important  and  characteristic 
symptom.  It  is  often  first  observed  in  the  neck,  probably  on  accoont 
of  the  mobility  of  the  part  When  slight  it  may  merely  canse 
retraction  of  the  head,  or  stiffness  of  the  back,  or  may  be  so  general 
and  so  severe  as  to  cause  opisthotonos,  resembling  that  of  tetanus. 
The  spasm  usually  inTolves  also  other  trunk  muscles,  especially 
those  of  the  abdomen,  which  become  hard  and  cramped.  The  limbs 
also  become  rigid,  and  painful  cramp-like  spasms  occur  in  them, 
especially  on  attempts  to  moTe.  The  spasm  is  probably  partly  due  to 
the  irritation  of  the  motor  nenre-roots,  and  is  partly  reflex,  from  the 
irritation  of  the  sensory  roots  and  the  nerres  of  the  pia  mater.  There  is 
usually  great  hypersBsthesia  of  the  skin  to  all  forms  of  stimulation,  and 
also  increased  sensitiyeness  of  the  muscles,  especially  in  the  lower 
limbs.  Pressure  on  the  arms  may  cause  no  imeasiness,  while  a 
similar  pressure  on  the  legs  occasions  great  pain.  Beflex  action  is 
usually  increased  at  the  beginning.  Oonstipation  is  common,  and  so 
is  retention  of  urine,  in  spite  of  irritable  attempts  to  empty  the 
bladder— the  result,  apparently,  of  spasm  of  its  muscles,  including 
the  sphincter,  which  resists  the  action  of  the  detrusor.  Dyspnoea 
may  result  from  the  spasm  of  the  thoracic  muscles,  and  may  be 
almost  suffocating  in  its  seyerily.  The  pulse  may  be  frequent  oi 
retarded.  The  temperature  is  raised,  sometimes,  however,  to  only  a 
slight  degree.  Cerebral  symptoms,  headache,  delirium,  coma,  occur 
when  inflammation  has  extended  within  the  skulL  The  "Cheyne- 
Stokes  breathing "  may  be  present,  from  implication  of  the  medulla. 
The  function  of  the  yaso-motor  nerves  (which  leave  the  cord  by  many 
of  the  anterior  roots)  is  also  deranged;  the  dilatation  of  the  vessels, 
that  follows  a  stroke  on  the  skin  of  the  trunk,  is  excessive  and  pro- 
longed (meningeal  streak,  tache  spindle). 

As  the  disease  progresses,  the  symptoms  of  irritation  give  place  to 
those  of  paralysis,  which  may  be  most  marked  where  the  rigidity  was 
greatest.  The  limbs  become  relaxed,  and  feeble  or  powerless.  Sensi- 
bility becomes  lessened  or  lost.  Beflex  action  disappears,  the  mus- 
cular power  in  the  limbs  becomes  so  reduced  that  the  patient  is 
scarcely  able  to  move ;  the  heart  shares  the  universal  prostration,  and 
death  may  occur  from  asthenia,  or  from  paralysis  of  the  respiratory 
muscles.  Towards  the  end  there  is  sometimes  considerable  rise  of 
temperature.  In  some  cases  the  symptoms  become  less  progressive 
and  the  disease  passes  into  a  less  acute  stage ;  the  pains  persist,  the 
loss  of  power  continues  and  may  even  slowly  increase.  Death  may 
occur,  after  weeks  of  suffering,  from  the  effects  of  bedsores  or  from 
secondary  kidney  disease,  due  to  the  retention  of  urine,  and  facilitated 
by  trophic  derangement.  On  the  other  hand,  in  slight  cases,  the  signs 
of  irritation  may  lessen  and  pass  away,  while  those  of  structural 
damage,  paralysis  and  anaesthesia,  may  remain,  and  to  these  may  be 
added  muscular  atrophy  and  contractures,  from  the  secondary  conse* 
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qxienoes  of  the  leaionB  of  the  nerve-roots.  Such  persistent  symptomB 
Taiy  mnch  in  extent  and  degree,  according  to  the  position  and  intensity 
of  the  morbid  process.  Ultimately  the  symptoms  of  damage  to  the 
cord  may  either  slowly  increase,  in  consequence  of  the  spread  of 
chronic  myelitis  set  np  by  the  acute  mischief,  or,  on  the  other  hand, 
the  symptoms  of  the  meningitis  may  pass  entirely  away. 

The  symptoms  aboTO  described  vaiy  in  their  distribution,  according 
to  the  position  of  the  disease.  When  the  membranes  over  the  lumbar 
enlargement  are  chiefly  affected^  the  pains,  hypersssthesia,  and  cramps 
are  confined  to  the  legs  and  loins.  When  the  disease  is  in  the  dorsal 
i^on  there  may  be  similar  hypersesthesia  and  spasm  in  the  legs,  but 
the  pain  and  cramp  extend  higher,  and  inyolre  the  trunk.  If  the 
cervical  region  is  afEected,  the  symptoms  extend  to  the  upper  extremi- 
ties, the  dyspnoea  may  be  great,  and  there  is  often  difficulty  in 
swallowing.  The  action  of  the  heart  is  sometimes  deranged,  and  con- 
traction or  dilatation  of  one  or  both  pupils  may  occur.  Extension 
to  the  brain  is  marked  by  vomiting,  gen^ul  headache,  delirium,  and 
paralysis  of  cranial  nerves,  of  which  the  first  to  suffer  are  the  spinal 
accessory  and  hypoglossal.  If  such  symptoms  preceded  those  of 
spinal  meningitis,  we  may  conclude  that  the  inflammation  commenced 
within  the  skulL 

The  qrmptoms  vary  somewhat  according  to  the  nature  of  the  in- 
'  flammation.  In  purulent  meningitis,  as  already  pointed  out,  the 
symptoms  of  irritation  are  sometimes  very  slight,  apparentiy  because 
there  is  little  tendency  to  invade  the  nerve-roots.  la  the  case  from 
which  Figs.  94  and  95  were  taken  there  were  hardly  any  symptoms  to 
suggest  meningitis,  and  although  there  was  paraplegia,  it  was  probably 
produced  by  the  mere  pressure  of  a  large  collection  of  pus  on  the 
spinal  cord;  there  were  no  pains  or  spasm.  The  case  was  one  of 
septic  origin.  It  was  apparently  a  pure  arachnitis,  and  the  tissue  of 
the  pia  mater  was  able  to  resist  invasion  so  completely  as  to  protect 
the  structures  beneath  it  even  from  disturbance  of  function. 

The  duration  of  the  acute  symptoms  varies  from  a  day  or  two,  in 
severe  cases,  which  end  in  death,  to  two  or  three  weeks,  in  cases  of  less 
severity,  which  may  end  in  either  death  or  recovery.  The  duration  of 
the  subacute  and  dironio  symptoms  that  supervene  is  to  be  measured 
by  months,  and  sometimes  by  years. 

The  symptoms  of  tubercular  spinal  meningitis  resemble  those  which 
liave  been  described,  but  are  usually  less  intense.  There  is  pain  in 
the  back  and  loins,  with  stifEness  of  the  spine  and  retraction  at  the  neck, 
so  that  it  may  be  difficult  to  bend  the  head  forwards.  There  are  also 
variable  rigidity,  hypersesthesia,  and  tingling  in  the  limbs,  followed  by 
lessened  sensibOily  and  paraplegic  wealoiess.  These  symptoms  occa- 
siouaUy  come  on  in  the  later  stage  of  cerebral  tubercular  meningitis. 

DriiOKOSis. — ^The  diagnosis  of  the  disease  rests  on  the  pain  in  the 
back,  the  retraction  and  rigidity  of  the  neck  and  spine,  the  hyperses- 
thesia  luid  spasm  in  the  limbs,  excited  especially  by  attempts  to  move 
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tbeni«<m  the  acute  onset  of  the  fsymptomB,  and  on  their  anodationinth 
pyiexift.  This  grouping  of  the  STmptoms  is  sufficiently  characteriBtio» 
as  is  shown  bj  the  fact  that  it  is  eitremely  rare  for  them  to  be  simulated, 
even  remotely.  The  chief  difficulty  ia  actually  acute  cases  is  presented 
by  the  forms  that  run  an  almost  latent  course,  especially  by  the  secon- 
dary purulent  form,  which  has  so  little  tendency  to  invade  the  nerve 
structures,  and  a  correspondingly  slight  tendency  to  derange  their 
functions,  and  even  to  irritate  them.  In  pure  myelUU,  on  the  other 
hand,  pain  in  the  back  is  absent  or  trifling ;  paralysis  occurs  early  and 
is  the  leading  symptom,  and  there  is  little  or  no  spaam  in  the  limbs 
in  the  early  stage  of  the  affection.  Often,  however,  some  meningitia 
occurs  at  tJxe  onset  of  acute  myelitis,  and  then  some  pain  in  the  back 
and  slight  rigidity  in  the  limbs  may  precede  or  accompany  the  onset 
of  the  paralysis.  In  such  cases  the  predominance  of  the  meningeal 
or  cord  symptoms  must  determine  the  categoiy  in  which  the  case  is  to 
be  placed.  Meningeal  hemorrhage  most  nearly  resembles  meningitia 
in  its  manifestations,  and  does  so  necessarily,  because  it  produces 
inflammation;  the  distinction  chiefly  depends  on  the  onset,  and  will 
be  considered  in  the  next  section.  HaBmorrhage  into  the  spinal  cord 
can  scarcely  be  confused  with  inflammation  of  the  membranes,  be- 
cause the  only  common  symptom,  pain  in  the  back,  is  confined  to  a 
deflnite  spot. 

Tetanvs  is  attended  by  rigidity  of  the  back,  and  by  spasm,  and 
presents  a  closer  initial  resemblajice  to  meningitis  than  most  other 
affections  with  which  it  may  be  confounded ;  but  there  is  no  fever 
at  the  onset,  trismus  is  an  early  and  obtrusive  symptom,  and  the 
paroxysms  of  muscular  spasm  are  excited  by  peripheral  impressions 
much  more  readily  than  in  meningitis,  in  wld^-.h  they  occur  chiefly  on 
attempts  to  move.  Only  the  "rheumatic"  form  of  tetanus  would 
give  rise  to  difficulty ;  the  onset  of  the  traumatic  form  after  an  injury 
should  prevent  any  doubt.  Ehevmaiiem  of  the  muacles  may  cause 
pain  in  the  back  on  movement,  and  the  resulting  rigidiiy  may  prevent 
movement;  but  there  is  not  the  spontaneous  paj^  which  attends 
meningitis,  nor  ia  there  distant  spasm.  Some  difficulty  may  be 
caused  by  rheumatism  of  the  cervical  muscles  in  young  children ;  this 
may  lead  to  retraction  of  the  head,  and  if  it  comes  on  acutely,  after 
exposure  to  cold,  considerable  doubt  as  to  its  nature  may  at  first  be 
felt.  But  it  remains  stationary,  and  the  freedom  of  the  patient  from 
spontaneous  or  radiating  pains,  and  from  any  affection  of  the  nerves, 
soon  enables  a  reassuring  opinion  to  be  formed. 

The  diagnosis  of  the  form  of  meningitis  depends  on  the  recognition 
of  the  cause  of  the  inflammation.  When  spontaneous  and  acute  the 
case  ia  probably  of  the  "primary"  form,  which  depends  on  some 
toxic  agency,  probably  often  an  organised  virus,  and  is  really  a  partial 
''epidemic"  form.  If  it  occurs  under  the  conditions  that  give  rise  to 
surgical  septicemia,  or  after  childbirth,  purulent  meningitis  is  almost 
certain,  and  the  inflammation  may  be  far  more  intense  than  the 
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w&vmtj  of  fhft  fjmptoiiui  m^^gest  The  diagnosis  of  tubercular  spinal 
TnAHTOgitia  depends  on  the  combination  with  cerebral  meningitis, 
which  usually  precedes  the  spinal  symptoms,  and  on  the  gradual  and 
insidious  onset.  Indications  of  the  tubercular  or  scrof\ilous  diathesis 
are  commonly  present  in  the  state  of  other  organs,  or  to  be  ascertained 
from  the  family  history  of  the  patient. 

Pboghosis. — ^The  prognosis  is  grave  in  all  cases.  It  is  worse  tbe 
more  seTcre  and  acute  the  symptoms,  the  higher  the  temperature,  and 
the  sooner  the  symptoms  of  irritation  give  place  to  those  of  paralysis. 
It  is  worse  ako  when  the  disease  ia  due  to  serious  lesions  of  the  spine 
or  to  tuberculosis,  than  when  due  to  cold,  and  worse  in  the  so-called 
"spontaneous"  cases  than  in  those  which  result  from  traumatic 
causes.  BecoTery  is  more  probable  in  middle  life  than  in  early  or 
adTanced  age.  The  preTious  health  of  the  patient  also  influences  the 
prognosis.  It  must  always  be  remembered  that  even  if  the  patient 
surviyes  the  period  of  acute  inflammation,  serious  permanent  damage 
may  remain. 

Treatmsnt.— Perfect  rest  and  quiet  are  of  the  greatest  importance 
throughout  the  course  of  the  disease.  All  sounds  should  be,  as  far  as 
possible,  excluded;  the  light  should  be  subdued,  and  all  bodily  move^ 
ment  and  mental  exertion  as  far  as  possible  avoided.  The  vascular 
disturbance  of  inflammation  is  intensified  by  all  functional  excite- 
ment of  the  too  irritable  structures,  and  continuous  freedom  from 
such  excitement,  as  far  as  it  is  possible  to  obtain  the  freedom,  is  of 
paramount  importance.  Every  attack  of  spasm  means  greater  vas- 
cular disturbance,  and  the  circulatory  derangement  entails  leucocytal 
infiltration  and  other  structural  consequences. 

Although  it  is  undesirable  that  the  spine  should  be  the  lowest  part 
of  the  body,  yet,  in  acute  meningitis,  it  is  scarcely  possible  for  the 
patient  to  lie  in  any  other  posture.  The  prone  position  interferes 
with  respiration,  and  both  it  and  a  lateral  posture  entail,  directly  or 
indirectly,  greater  muscular  exertion,  and  hence  more  frequent  and 
more  severe  attacks  of  spasm,  with  secondary  harm  out  of  proportion 
to  that  which  the  posture  could  prevent.  Here,  as  so  often  in  thera- 
peutics, skill  is  shown  and  success  secured,  if  it  is  within  reach,  by 
knowing  when  to  permit  no  compromise,  and  when  to  adopt  one. 
The  dorsal  position  must  be  permitted  if  in  it  the  spasm  is  much  less 
than  in  others.  Dry,  or,  in  robust  patients,  wet  cupping,  or  leeching, 
along  the  spine  may  be  employed  at  the  onset,  and  be  followed  by  the 
local  application  of  cold  in  traumatic  or  hsemorrhagic  cases,  and  of 
heat  in  others— the  principles  being  the  same  as  in  myelitis.  Counter- 
irritation,  by  blisters  or  repeated  sinapisms,  is  more  useful  when  the 
disease  is  subsiding  than  at  the  onset.  In  cases  that  are  due  to  cold, 
free  diaphoresis  often  does  good;  a  hot  air  or  vapour  bath  should 
be  employed  at  the  onset  of  the  treatment.  A  warm  bath  may  be 
followed  by  moist  packing  for  several  hours.  The  relief  thus  given 
is  sometimM  very  great.  The  bowels  should  also  be  freely  opened. 
VOL.  I.  21 
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The  only  internal  remedy  which  has  been  held,  for  long,  in  general 
repute,  as  capable  of  influencing  the  inflammatory  process,  is  mercury. 
The  confidence  placed  in  it  of  old  is  not  altogether  tmwarranted.  It 
should  be  given  until  there  is  a  slight  affection  of  the  gums  (the  only 
eyidence  that  enough  is  in  the  system  to  act  on  the  tissues),  and  in- 
unction is  unquestionably  the  best  way  of  administration.  We  know 
that  it  must  then  enter  the  blood  before  it  can  escape  by  the  bowel; 
we  can  regulate  its  dose  as  we  need,  for  we  estimate  it  by  the  influ- 
ence on  the  gums ;  and  by  rubbing  it  in  over  the  part  affected  we  can 
combine  some  counter-irritant  influence  (as  by  an  irritating  agent 
added  to  the  ointment  used),  and  we  necessarily  secure  the  simul- 
taneous action  of  the  two  agents,  for  the  largest  quantity  of  mercury 
in  the  blood  will  coincide  with  the  most  considerable  reflex  action  on 
the  Tessels.  Lastly,  the  disturbance  of  the  stomach  and  bowels  is 
certainly  less  than  when  their  mucous  membrane  is  chosen  as  the 
path  into  the  body.  The  oleate  of  mercuxy  may  be  rubbed  in  along 
the  spine.  Iodide  of  potassium  seems  to  haye  little  influence  oyer 
acute  inflammation. 

It  is  necessary  to  giye  sedatives  for  the  relief  of  the  pain  and 
spasm,  if  the  application  of  cold  does  not  suffice.  Of  these,  morphia^ 
given  by  the  skin  or  the  mouth,  is  the  most  effective,  but  vomiting 
from  its  use  is  a  grave  drawback ;  f ortimately  it  does  not  readily  occur 
under  the  circumstances.  Sometimes  inhalations  of  chloroform  are 
necessary  to  relieve  the  suffering,  and  may  be  even  more  effective  than 
morphia.  In  slight  cases  relief  may  be  afforded  by  belladonna,  or  by 
atropia  injected  beneath  the  skin.  Chloral,  or  chloral  and  bromide, 
or  any  of  the  milder  sedatives,  may  be  given  if  there  is  insomnia. 
Bromide  alone,  unfortunately,  has  very  little  power  to  lessen  the  spinal 
reflex  action.  Frequently,  the  spinal  ice-bag  is  the  most  effective  and 
least  injurious. 

When  the  disease  has  passed  into  a  chronic  stage,  iodides  have 
been  thought  useful  Counter-irritation  may  be  employed  freely 
with  advantage.  Tonics,  iron,  quinine,  and  even  stiychnia  are 
beneficial.  Warm  baths,  as  those  of  Bath  and  Aix-les-Bains,  seem 
sometimes  of  service,  especially  employed  as  hot  douches  to  the 
spine.  But  the  acute  form  is  followed  by  a  tendency  to  the  slow 
subsidence  of  its  effects,  which  makes  the  influence  of  such  measures 
difficult  to  estimate.  The  local  consequences,  muscular  atrophy,  con- 
tracture»  Ac,  need  special  local  treatment  by  electridiy,  rubbing,  and 
the  like. 

Epidemic  cerebro-spinal  meningitis  is  described  in  the  section  on 
diseases  of  the  cerebral  membranes  (VoL  II). 

Chbonio  Intbbnal  MsHnroins. 

Chronic  inflammation  of  the  membranes  of  the  oord,  within  the 
dura-matral  sheath,  is  divided  into  two  forms,  according  as  it  begina 
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in,  and  chieflj  affects,  the  dura  mater,  ehronie  internal  paehy- 
meningitia,  or  the  pia  mater  and  arachnoid,  chronic  leptomenin^itU. 
Although  these  forms  sometimes  present  distinct  clinical  and  patho« 
logical  features,  thej  haye,  when  of  considerable  degree,  many 
characters  in  common;  thej  own  the  same  causes,  and  need  the 
same  treatment.  Hence  it  is  most  convenient  to  describe  them 
together  as  forms  of  internal  meningitis.  The  condition  termed 
htsmatoma  of  the  dura  mater  depends  on  a  form  of  hsemorrhagio 
inflammation. 

Chronic  meningitis  is  seldom  fatal,  and  is  rare  as  a  genersl  and 
primaiy  malady.  As  such,  therefore,  our  knowledge  of  it  is  still 
scanty,  and  the  opinions  formerly  current  have  had  to  be  largely 
curtailed.  It  was  inferred  that  chronic  symptoms,  analogous  to  those 
which,  when  acute,  are  due  to  acute  meningitis,  were  evidence  of  a 
chronic  form.  This  was,  therefore,  assimied  to  be  the  cause  of  a 
group  of  symptoms,  of  which  spasm  is  the  prominent  and  dominant 
feature,  which  are  now  known  to  be  due  solely  to  a  morbid  state  of 
the  spinal  cord  itself,  and  to  be  consistent  with  a  perfectly  normal 
state  of  the  membranes.  Hence  "chronic  meningitis,*'  as  it  was 
xecognised  twenty  years  ago,  as  a  "clinical  entity,"  has  ceased  to 
exist,  or  rather  has  passed  into  the  pathologicsl  conception  of 
**  primary  lateral  sclerosis."  The  definite  knowledge  we  now  have  of 
general  primaij  chronic  meningitis  is  limited.  The  important  fact 
regarding  it  is  that  its  symptoms  differ  from  those  of  the  acute  form 
more  widely,  perhaps,  than  do  those  of  any  other  chronic  inflamma- 
tion.  Tet  this  difference  depends  on  a  comparatively  small  element — 
on  the  fact  that  only  acute  inflammation  causes  acute  irritation  of  the 
motor  and  reflex  structures.  The  chronic  form  may  irritate  the 
sensory  nerve-roots,  but  its  motor  manifestations  are  chiefly  the  result 
of  pressure,  and  even  to  this  much  of  the  pain  may  be  due.  The 
pressure  may  cause  spasm,  but  it  is  a  slow  tonic  contraction,  wholly 
unlike  that  of  the  acute  form.  The  difference  in  the  effect  of  the  two 
forms  of  inflammation  suggests  many  problems  that  deserve  investiga- 
tion, but  their  consideration  would  be  out  of  place  here. 

OiiiTsiBS. — Chronic  internal  meningitis,  in  every  form,  is  most 
frequent  in  adult  age,  and,  like  acute  inflammation,  affects  men  more 
frequently  than  women.  In  its  general  and  primary  form,  it  has  been 
thought  to  occur  more  readily  in  persons  with  neurotic  heredity, 
although  the  influence  of  this  is  doubtful.  Debilitating  influences  of 
various  lands  predispose  to  the  disease,  and  prolonged  over-exertion 
has  been  thought  sometimes  to  produce  it.  Among  exciting  causes 
the  most  important  is  severe  and  repeated  exposure  to  cold.  Trau- 
matic  lesions,  concussion,  &c.,  are  occasional  causes.  It  may  result 
by  extension  from  inflammation  outside  the  dura  mater  and  from 
chronic  inflammation  of  the  substance  of  the  cord  itself.  But  their 
influence  in  producing  chronic  internal  inflammation  (except  as  a 
sequel  to  the  acute  form)  is  a  subject  on  which  the  opinions  of  the 


Si4  SPINAL  HBMBBANBS. 

pa«t  bavt  itill  to  be  «ab  jectod  to  careful  oompariion  with  Moertained 
fMto.  It  is  probable,  howevvr,  that  the  condition  doea  sometimea 
follow  ooncusrion  of  the  spine  that  has  no  immediate  or  aeate  oot^ 
aequenoee,  and  the  chronic  stage  into  which  an  acute  traumatio 
meningitlB  subsides  maj  last  so  long  as  to  thiow  its  initial  fonn  into 
the  shade,  and  maj  not  only  persist  with  independent  pertinacity,  but 
may  extend  without  relation  to  the  original  seat.  Thus  we  must 
distinguish  as  effects  of  injury,  the  local  and  the  general  forms.  The 
latter  are  predisposed  to  by  the  influences  that  seem  to  facilitate  the 
occurrence  of  the  primary  form,  and  in  these  cases  the  influence  of  the 
injury  often  se^ns  to  be  trifling,  and  the  existence  of  the  morbid  state 
is  not  always  beyond  doubt. 

Local  chronic  meningitis  may  also  result  from  any  chronic  disease 
either  oi  the  membranes  themselves^  the  bones,  or  the  spinal  cord. 
These  need  not  be  enumerated  in  detail  It  occurs  in  all  cases  of 
compression,  and  especially  in  all  forms  of  chronic  myelitis  that 
i^Yolre  the  superficial  layers  of  the  cc»:d. 

Lastly,  certain  general  morbid  states  are  frequent  causes.  The  first 
ir  alcoholism,  which  may  give  rise  to  general  inflammation,  involTing 
both  the  pia  arachnoid  and  the  superficial  layers  of  the  cord  in  Tsrious 
dip^rees.  A  second  and  also  common  cause  is  syphilis,  which  may 
pr^uce  either  pachymeningitis,  surrounding  the  cord  in  the  way 
presently  to  be  described,  or  local  leptomeningitis,  irregular  in  position 
Bsui  in  effects.  Lastly,  in  reiy  rare  cases  tubercle  has  given  rise  to  a 
chmnic  inflammation,  chiefly  of  the  inner  surface  of  the  dura  mater. 
Heemorrhagic  paohymemngitia  occura  eapecially  in  the  insane,  but  has 
been  met  wiiJi  as  a  consequence  of  chronic  alcoholism  and  after 
injuries. 

PATHOLoaiOAL  AjTATomr.— In  slight  and  moderate  degiee»  thero  is 
merely  opacity  and  thickening  of  the  membranes  affected,  sometimes 
with  distension  of  vessels  or  minute  spots  of  extravasation.  The 
opacity  of  the  arachnoid  may  be  such  that  the  spinal  cord  cannot  be 
seen  through  it.  The  inner  surface  of  the  dura  mater  may  be 
granular  when  it  ia  not  otherwiae  changed.  The  spinal  fluid  is 
increased  in  quantity  and  is  turbid.  When  the  changes  are  greater 
in  degree,  the  dura  mater  and  pia  mater  may  be  connected  together 
by  a  layer  of  inflammatory  tissue  of  considerable  thickness,  so  that  it 
may  be  impossible  to  say  in  which' membrane  the  disease  commenced. 
The  microscope  shows  the  ordinary  elements  which  result  from 
inflammation,  cells  of  various  kinds,  many  lymphoid  and  pus-like 
oorpusdes,  and  distended  vessels,  often  incrusted  by  similar  cells. 
Frequently  also  the  pia  mater  is  transformed  into  a  thick  irregular 
layer  of  homogeneous  tissue  in  which  no  distinct  cell-elements  can  be 
perceived,  and  only  faint  indicationa  of  a  fibroua  structure  (Fig.  96). 
The  walls  of  its  vessels  may  be  greatly  thickened  by  similar  materiaL 

The  nerve-roots  passing  through  the  diseased  membranes  very 
seldom  escape,  aa  they  may  ia  the  acute  form,  but  are  inflamed^ 
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reddenecL  and  swollen  in  the  actiye  tta^,  and  aftenrards  oompresaed 
and  atrophied,  i£  the  amount  of  new  timue  formed  about  tham  ii  eon* 


Fie.  96. — Chronic  alcobolio  meningitit.  Secliou  of  edge  of  anterior  coluinti  nnd  of 
a  larfr«i  nerve-root ;  carmine  prepitration.  p,  m.,  pie  mater  krefrnlarly  thickened 
and  IntDtformed  into  aiHorpboua-looking  tiMue,  from  which  wedg^-aUi^ped 
brAticbing  tracts  (sm)  extend  into  the  white  tubttance ;/./.»  fMcicuIi  of  nerve- 
flhres  entering  the  cord ;  a.»  an  artery  in  tbe  nerve  root,  enlarged  and  with 
thickened  walla  i  tf. !.»  tracts  of  amorpbooa  eonneoiive  tiaeue  |  #■•  a  foudl 
extravaaation. 

•iderable.  The  fibres  suffer  especiallj  when  the  inflammation  in- 
Yolves  the  dura  mater,  on  account  of  the  unyielding  character  of  the 
fibrous  sheaths  which  the  nerves  receive  from  that  membrane.  When 
the  pia  mater  is  thickened,  scattered  tracts  of  connective  tissue  may 
be  seen  in  the  substance  of  the  nerve-roots,  between  the  fibres 
(Fig.  96.  t). 

The  spinal  cord  presents  the  same  yariations  in  the  degree  in  which 
it  suffers.  It  maj  be  little  affected,  but  is  frequently  damaged  by  the 
extension  to  it  of  the  inflammation  of  the  pia  mater,  which  causes 
softening,  yascularity,  loss  of  distinction  between  grey  and  white 
substance,  breaking  down  of  nerve-elements,  and  infiltration  by 
lymphoid  and  other  inflammatory  cells.  Ultimately  indurating  tissue 
remains,  constituting  an  irregular  zone  of  peripheral  sclerosis.  From 
the  thickened  pia  mater  tracts  of  similar  tissue  may  extend  into  the 
cord,  becoming  narrower  as  they  pass  inwards  and  sending  out 
branching  trabecukd  (Fig.  96,  «).  Between  these  tracts  the  nerve- 
fibres  are  more  or  less  damaged,  partly  by  the  inflan  mation,  and 
partly  by  the  compression  produced  by  the  newly-formed  tissue. 

This  peripheral  sclerosis  associated  with  chronic  meningitis,  espe« 
eial}y  in  the  neighbourhood  of  injuries,  frequently  damages  tracts  that 
undergo  seoondary  ascending  degeneration — ^postero-median  coliunn. 
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direct  cerebellar  tract,  and  ascending  antero-Iateral  tract.  The  result 
is  to  produce  a  mixed  lesion,  the  precise  nature  of  which  is  not  always 
easily  distinguished  and  has  certainly  often  been  mistaken.  The 
equiyocal  aspect  of  the  process  is  probably  increased  by  the  fact  that, 
as  we  have  seen,  secondary  degeneration  entails  an  interstitial  process 
that  is  prone  to  assume  an  in^mmatory  character,  especially  when 
set  up  by  an  irritative  lesion.  Hence  the  peripheral  sclerosis  set  up 
by  the  meningitis  is  apt  to  carry  with  it  a  certain  amount  of  inflam- 
mation in  the  pia  mater,  far  beyond  the  region  to  which  this  would 
otherwise  be  limited.  A  similar  thickening  of  the  pia  mater  is, 
howeyer,  met  with  oyer  areas  of  the  cord  that  are  the  seat  of  other 
forms  of  sclerosis,  both  those  that  are  systemic,  as  in  tabes,  and  those 
that  are  random,  as  in  the  insular  form.  It  is  probably  secondary  in  all 
cases,  but  it  formerly  gaye  rise  to  some  erroneous  conceptions  of  the 
nature  of  such  degenerations  (see  Locomotor  Ataxy).  A  still  more 
considerable  implication  of  the  pia  mater  is  met  with  oyer  regions  that 
are  the  seat  of  focal  chronic  myelitis. 

In  the  ordinary  form  of  chronic  meningitis,  the  membrane  in  which 
the  inflammation  begins  may  be  much  more  affected  than  the  other^ 
although  the  latter  is  yery  rarely  healthy,  except  in  the  slightest  cases. 
Inflammation  beginning  in  the  pia  mater  and  arachnoid  is  often 
extensiye  in  range,  and  may  be  considerable  or  slight  in  degree.  That 
which  commences  on  the  inner  surface  of  the  dura  mater  is  frequently 
limited  in  extent,  but  is  accompanied  by  the  formation  of  a  large 
amount  of  new  tissue,  and  hence  has  been  termed  hypertrophic  internal 
pachymeningitia.  It  constitutes  a  yery  important  yariety,  giving 
rise  to  peculiar  and  graye  symptoms  which  were  first  carefully  studied 
by  Charcot  and  Joffroy.  It  affects  most  commonly  the  ceryical  r^on, 
but  sometimes  occurs  at  the  lower  part  of  the  cord.  On  opening  the 
spinal  canal  a  fusiform  tumour  is  seen,  the  outer  surface  of  which  is 
the  unaltered  outer  surface  of  the  dura  mater,  and  on  section  the 
enlargement  is  found  to  depend  chiefly  on  a  great  thickening  of  the 
inner  part  of  this  membrane,  sometimes  amounting  to  a  quarter  of  an 
inch ;  seyeral  layers  of  new  tissue  can  often  be  distinguished.  The 
pia  mater  may  be  normal,  but  is  more  commonly  thickened,  and  it  is 
often  united  by  the  thickened  arachnoid  to  the  tissue  proceeding  from 
the  dura  mater.  The  cord  is  compressed  and  commonly  softened  at 
the  spot,  and  it  presents  signs  of  inflammation.  The  nerye-roots  are 
also  damaged  and  compressed  by  the  newly-formed  tissue.  Some- 
times at  the  spot  most  affected,  the  cord  may  be  surrounded  by  a  ring 
of  new  tissue  of  cartilaginous  hardness.  In  other  cases  the  thickening 
of  the  dura  mater  is  slighter  and  more  diffuse,  affecting  occasionally 
a  wide  extent  of  the  membrane.  In  rare  cases  the  membranes  about 
the  Cauda  equina  may  alone  be  affected — the  dura  and  pia  mater 
adherent,  and  the  neryes  united  in  a  fibrous  mass. 

The  white  fibroid  or  cartilaginous  plates  foimd  so  often  in  the 
arachnoid   after  death  are  probably  not  connected  with  preceding 
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inflammatioiL  In  most  cases  in  wbicli  they  are  fonnd,  no  ffjmptoms 
haye  existed  during  life.  It  is  baid,  however,  that  when  thej  are 
nmnerons  and  extensive  they  may  give  rise  to  symptoms  closely 
resembling  those  of  chronic  meningitis  (Ynlpian).  But  fibroid  plates 
in  the  dura  mater  have  been  seen  in  a  case  in  which  previous 
symptoms  suggested  that  they  resulted  from  chronic  inflammation 
(Jaccoud). 

The  rare  condition  termed  internal  hamorrJiagic  paekymmingitii,  or 
hasnuUoma  of  tJie  spinal  dura  mater,  is  simHar  to/  and  commonly 
associated  with,  that  which  affects  the  cranial  membrane,  and  will 
be  afterwards  described.  In  this,  a  reddish-brown  exudation  covers 
the  surface  of  the  membrane,  and  is  composed  of  fibrin  and  extrava- 
sated  blood;  the  latter  may  be  encysted  in  small  cavities,  or  may  be 
in  various  stages  of  transformation.  The  change  commonly  extendi 
over  a  great  part  of  the  dura  mater,  and  is  apparently  the  result  of 
hemorrhage  into  inflammatory  tissue. 

The  local  form  of  syphilitic  meningitis  presents  an  irregular  thick- 
ening of  the  pia  mater  and  arachnoid,  with  the  extensive  production 
of  new  tissue  in  the  af^ted  region  characteristic  of  this  variety,  so 
that  it  often  resembles  a  diffuse  growth  as  much  as  a  chronic  inflam- 
mation. The  new  tissue  has  a  peculiar  gluey  aspect,  and  presents  a 
tendency  to  caseous  degeneration  and  fibroid  change,  so  that  scattered 
or  coalescing  cheesy  spots  are  ultimately  met  with  in  tracts  of  mixed 
fibrous  and  gelatinous  aspect,  the  latter  appearance  predominating  in  the 
more  recent  parts.  This  process  of  growth  may  attain  such  a  develop- 
ment at  some  spot  as  to  constitute  a  distinct  **  gumma,"  which  may 
invade  the  substance  of  the  cord,  growing  inwards  from  the  pia  mater. 
A  similar  process  of  cell-growth  may  be  sometimes  traced  with  the 
microscope  into  the  substance  of  the  cord,  along  the  tracts  of  neuroglial 
tissue  and  peri-arterial  spaces,  when  there  is  no  invasion  distinct  to 
the  naked  eye.*  A  more  limited  affection  of  the  walls  of  the 
arteries  of  the  pia  mater,  extending  into  the  cord,  has  also  been 
thought  to  be  syphilitic  in  nature ;  the  whole  thickness  of  the  wall  of 
the  arterioles  may  be  the  seat  of  inflammatory  thickening,  in  conse- 
quence of  which  the  calibre  of  the  vessels  is  narrowed.t  There  is, 
however,  some  reason  to  think  that  a  similar  affection  of  the  vessels 
may  occur  apart  from  syphilis.;^ 

In  the  very  rare  chronic  tubercular  meningitis  the  inner  surface  of 
the  dura  mater  is  covered  with  a  layer  or  layers  of  tubercles,  in  various 
stages  of  development,  mingled  with  inflammatory  products.  The 
arachnoid  may  also  contain  degenerating  tubercles,  and  the  two 
membranes  may  be  miited  together  by  the  new  formation.  The 
condition  ocoors  independentiy  of  bone  disease.  § 
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Stvptoms. — ^The  sjinptoinB  of  chronic  internal  menin^tis,  like 
those  of  the  acute  form,  are  due  to  the  irritation  of  the  membranes, 
to  the  damage  to  the  nenre-roots,  and  to  that  of  the  oord.  But  the 
absence  of  acuteness  in  the  process  inrolTes,  as  we  have  seen,  a  dif* 
ferenoe  which  produces  a  contrast,  rather  than  a  resemblance,  in  the 
manifestations  of  the  two  diseases ;  the  spasm  which  dominates  the 
aspect  of  acute  meningitis  is  almost  entirely  absent  in  the  chronic 
form.  When  this  is  eliminated,  similar  disturbances  of  function 
remain,  but  their  relatiTC  subordination  renders  the  similarity  in  the 
features  of  the  two  maladies  unobtrusive.  Still,  the  three  pathological 
elements  just  mentioned  occur  in  the  chronic  as  well  as  in  the  acute 
form,  and  in  different  cases  one  or  another  of  the  corresponding  sets 
of  symptoms  predominates.  Hence  the  Tarieties,  while  possessing 
many  characters  in  common,  may  differ  considerably  in  their  dinical 
aspect  In  some  cases,  we  can  infer  with  accuracy  the  special  seat 
of  the  disease,  but  in  many  others  we  cannot  carry  our  diagnosis 
beyond  the  conclusion  that  chronic  internal  meningitis  exists,  and  are 
unable  to  say,  even  with  probability,  which  membrane  is  primarily 
affected. 

The  common  symptoms  are  these :  pain  in  the  back,  increased  by 
morement, — sometimes,  however,  amounting  only  to  heavy  dull  dis- 
comfort,— and  accompanied  by  some  stiffness  of  the  bacic,  and,  when  in 
the  cervical  region,  by  some  retraction  of  the  head.  The  pain  is 
increased  by  pressure  on  the  vertebral  spine,  and  its  increase  by 
movement  may  cause  a  fixation  of  mobile  parts,  as  the  neck,  in  some 
abnormal  position.  The  pain  is  apparently  due  to  the  irritation  of 
the  meningeal  nerves,  and  the  rigidity  is  to  be  regarded  as  a  reflex 
effect  of  this  irritation.  But  these  are  not  the  paroxysms  of  spasm, 
so  conspicuous  and  so  distressing  in  the  acute  form. 

More  obtrusive,  in  most  cases,  are  the  radiating  or  excentric  pains 
due  to  the  irritation  of  the  nerve-roots,  and  referred  to  the  region  in 
which  the  nerves  are  distributed, — back  of  the  head,  neck,  arms 
thorax,  abdomen,  loins,  or  legs,  according  to  the  position  of  the  disease 
These  pains  are  often  vexy  severe,  sharp,  darting,  burning,  or  rheu- 
matoid in  character,  paroxysmal  in  occurrence,  and  sometimes  worse 
at  night.  They  may  be  accompanied  by  a  painful  sense  of  constriction, 
and  by  various  unpleasant  sensations — ^numbness,  tingling,  formica- 
tion,— in  the  same  areas.  Hjrpersratliesia  may  also  exist,  so  that  pain, 
sometimes  thrilling  in  character,  is  produced  by  touching  the  skin,  or 
by  sligbt  degrees  of  heat  or  cold,  and  a  hot  or  cold  sponge  passed 
along  the  skin  of  the  back  may  reveal  the  chief  seat  of  the  disease  by 
the  change  of  sensation  at  its  level,  as  in  the  acute  form.  The  hyper- 
esthesia may  be  more  marked  to  one  form  of  sensation  than  to  another. 
Cutaneous  eruptions,  such  as  result  from  other  nerve  lesions,  have  also 
been  observed  in  association  with  the  pains.  In  the  same  regions, 
muscular  twitching,  tremor,  or  even  spasm,  may  result  from  the  irrita- 
tion of  the  motor  loot-fibres.    These  symptoms  correspond  in  their 
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fefel  to  the  part  o(  tiie  membranes  clue^  diaeaaed.  When  tbe 
lumbar  mambianaa  am  affected,  the  radiating  pams  are  felt  in  the 
kgs;  bat  when  the  disease  is  higher  up,  the  legs  maj  merelj  feel 
heavy,  and  be  the  seat  of  slight  abnormal  sensations. 

After  a  time,  weeks  or  months,  the  pains  persisting  or  ceasing, 
certain  paralytio  symptoms  manifest  themselves  in  the  regions  in 
niueh  the  severe  pains  were  felt,  and  are  dependent  on  further  damage 
to  the  nerve-roote.  Sensation  becomes  lessened,  or  even  lo8t»  in 
certain  areas,  to  touch,  or  pain,  or  both.  The  muscles  in  the  same 
region  become  weak,  and  waste ;  usually  with  the  reaction  of  degene- 
ntion  for  a  time,  and  ultimate  loss  of  all  irritability.  The  wasting 
often  aileets  the  muscles  irregularly,  from  the  unequal  dami^  to  the 
roots  and  the  fibves  of  single  roots :  entire  groups  sometimes  atrophy 
from  the  complete  interruption  of  the  roots  of  one  or  more  segments. 
Beflez  action  in  these  parts  is  lost.  In  the  trunk  this  loss  of  reflex 
«cti<m,  with  aaiestlieflaa,  may  be  the  chief  local  symptom,  and  is  of 
much  diagnostic  importance.  As  the  disease  progresses,  the  cord 
itself  suffers,  by  compression,  or  by  extension  to  it  of  the  inflamma- 
tion. The  parts  below  the  seat  of  the  disease  then  become  paralysed, 
the  legs  are  weak  and  the  seat  of  dull  heavy  pain ;  reflex  action  in 
them  may  be  increased,  while  their  muscular  nutrition  continues 
good,  unless  the  lumbar  membranes  are  diseased,  or  the  myelitis 
descends  the  cord.  Defect  of  co-ordination  in  the  legs  is  not 
uncommon,  and  is  probably  due  to  the  implication  of  the  fibres  from 
tbe  nuisdes  in  the  posterior  columns  and  cerebellar  tracts.  Power 
over  ihB  sphincters  may  be  lost  and  bedsores  form,  but  chiefly  in 
eases  in  which  the  disease  is  severe  over  the  lumbar  region  or  cauda 
equina. 

When  the  inflammation  affects  chiefly  the  pia  mater  and  arachnoid 
(ehnmic  leptomeningiiU)  the  symptoms  of  meningeal  irritation  are 
conspicuous,— vertebral  pain  and  rigidity  of  the  back,  with  cutaneous 
hvpenrathesiay  and  the  radiating  pains  may  slso  be  considerable. 
TCh&BB  symptoms  are  especially  marked  in  cases  of  subchronic  menin- 
gitis, smsh  as  are  sometimes  due  to  alcoholism.  Tbe  local  paralytic 
symptoms— anaesthesia  and  muscular  wasting — ^may  be  absent  in  these 
cases,  or  may  only  come  on  in  slight  degree  after  the  other  symptoms 
have  lasted  for  a  oonsiderable  time.  On  the  other  hand,  weakness 
and  pains  in  the  legs,  from  affection  of  the  cord  itself ,  may  be  early 
symptoms. 

When  the  inflammation  begins  in  the  dura  mater  (internal  pachy- 
weningiiia)  the  symptoms  of  spinal  irritation,  pain  and  stiffness  of 
the  back,  although  occasionally  present,  are  much  less  prominent 
symptoms  than  are  those  which  depend  on  the  irritation  of,  and 
damage  to,  the  nerve-roots.  The  radiating  pains  are  very  severe,  and 
are  often  the  earliest  symptom.  At  a  later  sta^c  the  muscular  weak- 
ness, followed  or  accompaniei  by  wasting,  chiefly  attracts  attention, 
and  the  wasting  may  be  so  great  that  the  disease  is  mistaken  for 
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progressiYe  mtLsctilar  atrophj.  This  ia  especiallj  the  case  wben  the 
lesion  is  in  the  cervical  region,  the  "cervical  hypertrophic  pachy- 
meningitis "  of  Charcot  and  Joffroy.  In  this  affection,  pains  in  the 
back  of  the  head,  neck,  shoulders,  and  arms,  often  accompanied  with 
a  painful  sense  of  constriction,  precede  the  muscular  atrophy.  The 
wasting  may  involve  many  muscles,  but  usually  those  supplied  by 
the  radial  nerve  are  less  ejected  than  the  others ;  the  escape  of  the 
long  extensors  of  the  wrist  and  fingers,  while  the  flexors  of  the  wrist 
and  fingers  and  the  interossei  atrophy,  leads  to  a  peculiar  deformity ; 
the  unopposed  muscles  cause  persistent  over-extension  of  the  wrist; 
the  phalangeal  joints  are  flexed  and  the  metacarpo-phaJangeal  joints 
are  extended,  but  from  the  position  of  the  wrist  they  are  not  over- 
extended, and  the  hand  thus  differs  from  the  daw-like  hand  (p.  48). 
With  this  muscular  wasting  in  the  arms  there  is  paraplegic  weakness 
from  the  pressure  on  the  cord.  In  rare  cases  the  disease  affects  the 
membranes  over  the  lumbar  enlargement  or  cauda  equina,  and  then 
the  legs  are  the  seat  of  the  pains,  paralysis,  and  atrophy  already 
described,  and  the  sphincters  are  early  paralysed. 

If  the  pachymeningitis  is  confined  to  the  dorsal  region,  the  root- 
symptoms  are  limited  to  the  trunk.  In  such  a  case  anaesthesia  over 
the  region  supplied  by  the  dorsal  nerves  was  associated  with  para- 
plegia from  compression  of  the  cord.  In  another,  areas  of  aiuesthesia, 
with  severe  pains,  existed  over  the  legs,  trunk,  neck,  and  back  of  the 
head,  without  any  indication  of  damage  to  the  cord  itself.  These 
examples  illustrate  the  great  variations  presented  by  different  cases, 
owing  to  the  different  distribution  of  the  disease.  An  important 
characteristic  of  this  form  is  the  fact  that  it  involves  the  membranes 
equally  around  the  cord,  and  so  gives  rise  to  bilateral  symptoms. 

Chronic  syphilitic  meningitis  may  cause  symptoms  resembling 
those  of  any  other  variety  of  chronic  inflammation,  even  the  hyper- 
trophic pachymeningitis  being  sometimes  due  to  this  cause.  But 
its  most  frequent  and  special  characteristic  is  the  focal  character  of 
the  symptoms,  and  their  tendency  to  be  associated  with  those  of 
partial  and  local  damage  to  the  spinal  cord  itself.  This  is  in  con- 
sequence of  the  tendency  of  local  tissue-formation  to  be  associated 
with  the  inflammation.  Hence,  pains  of  irregular  distribution  on 
one  side  are  usually  soon  followed  by  impairment  of  sensibility,  and 
often  b}-  weakness  in  the  corresponding  leg. 

In  hsemorrhagic  pachymeningitis  the  symptoms  are  those  of  a 
slight  chronic  inflammation,  without  any  distinctive  features  that 
can  be  referred  to  the  hsBmorrhagic  infiltration. 

DiAONOSis. — The  diseases  with  which  chronic  internal  meningitis  is 
liable  to  be  confounded,  are  different  according  as  the  symptoms  of 
irritation,  of  damage  to  the  cord,  or  of  compression  of  the  nerve-roots, 
predominate.  By  far  the  most  important  diagnostic  symptoms  are 
those  that  depend  on  the  damage  to  the  nerve-roots — ^their  early  irri- 
tation and  later  structural  damage. 
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The  spinal  pain  and  stifEnesa  maj  be  mistaken  for  simple  rachialgia 
or  "  spinal  irritation,"  but  in  this  condition  the  whole  spine  is  tender, 
sereral  separate  points  are  much  more  tender  than  the  rest,  and  there 
are  not  the  radiating  pains  or  paralytic  symptoms  of  meningitis. 
Pain  in  the  back  is  related  in  greater  degree  to  posture  and  exertion, 
and  it  has  a  tendency  to  pass  from  the  neck  to  the  occiput.  The 
patients  have  usually  suffered  from  neuralgia  in  other  situations, 
which  may  alternate  with  that  in  the  back. 

Peripheral  pains,  especially  about  the  trunk  and  legs  and  shoulders, 
are  prominent  symptoms  in  some  cases  of  muscular  rheumatism  or 
rheumatic  neuralgia.  In  these,  however,  there  are  not  the  pain  and 
tenderness  of  the  spinal  colunm ;  and  although  there  may  be  apparent 
increased  sensitiveness  in  the  region  of  the  pains,  it  is  of  the  deeper 
structures  and  not  of  the  skin,  while  the  relation  of  the  pain  to  moYO- 
ment  and  muscular  action  is  a  conspicuous  feature. 

Badicular  neuritis  is  probably  associated  in  many  cases  with  some 
affection  of  the  adjacent  membranes,  but  meningeal  symptoms  are 
altogether  subordinate ;  the  symptoms  are  confined  to  the  region  sup- 
plied by  the  nerve-roots,  and  spinal  pain  is  absent. 

The  muscular  wasting  may  be  mistaken  for  atrophy  due  to  degene- 
ration or  subacute  inflammation  of  the  anterior  comua  of  the  cord 
(progressive  muscular  atrophy,  subacute  polio-myelitis).  The  cervical 
hypertrophic  pachymeningitis  bears  special  resemblance  to  this  disease, 
since  the  wasting  in  the  arms  is  often  associated  with  paraplegic  sym- 
ptoms in  the  legs.  The  distinction  is  that  the  atrophy,  in  the 
meningeal  form,  is  preceded  by  severe  pains,  and  often  accompanied 
by  areas  of  hypersssthesia  or  ansesthesia,  and  is  random  in  distribu- 
tion. In  chronic  affections  of  the  anterior  comua  both  pains  and 
ansesthesia  are  usually  absent,  and  the  wasting  often  affects  the 
muscles  in  a  certain  order,  which  will  be  described  in  the  account  of 
the  disease.  Thus,  in  a  man  who  was  supposed  to  have  comual 
disease  on  account  of  wasting  of  some  muscles  of  both  legs,  irregu- 
larly distributed,  a  history  of  severe  sharp  pains,  and  the  discovery  of 
a  patch  of  aneesthesia  on  one  leg,  the  presence  of  a  burning  pain  roimd 
one  side  of  the  trunk,  and  the  irregular  distribution  of  the  wasting,  led 
to  a  diagnosis  of  chronic  meningitis  damaging  the  nerve- roots ;  there 
was  a  history  of  syphilis,  and  appropriate  treatment  completely  re- 
move<l  the  symptoms.  The  pains  also  constitute  a  distinction  from 
another  affection  which  presents  somewhat  similar  symptoms— syringo- 
myelia. Chronic  disseminated  myelitis  may  cause  muscular  wasting, 
but  does  not  cause  the  pain  in  the  back,  or  the  rigidity  of  the  spine, 
which  occur  in  meningitis,  and  the  paralysis  from  damage  to  the  cord 
is  the  leading  symptom.  It  must  be  remembered  that  the  two  condi- 
tions of  meningitis  and  myelitis  are  often  combined,  and  the  fact  has 
to  be  recognised  in  our  diagnosis. 

Some  authorities  beJieve  that  the  symptoms  of  "  ataxic  paraplegia," 
which  result  from  combined  lateral  and  posterior  sclerosis,  aie  often 
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produced  by  th»  agencj  of  ofaxxMiie  memngitis,  iaradiiig  iSbm  peripberal 
layers  of  tibo  oord.  It  is  not  probablo,  hofw^ner,  tbai  this  madbaxtism 
is  operatiYe  in  tlie  eases  in  which  considerable  paraplegia  shows  that 
the  lateral  pyramidal  tracts  are  extensiyelj  involTed.  Th«  disgnostio 
problem  is  considered  in  the  chapter  on  this  disease. 

When  the  meningitis  is  lumbsar,  the  pains  in  the  legs  maj  resemble 
some  of  those  that  ocoor  in  locomotor  ataxj,  and  the  knee-jerk  may  be 
lost  in  each  disease;  but  the  loss  in  meningitis  is  associated  with 
muscular  weakness  and  wasting,  there  is  not  the  degree  of  ataxy 
common  in  tabes,  and  true  "lightning  pains'*  are  not  met  with  in 
mttiingitis.  The  greatest  resemblance  to  dironic  meningitis  is  pre- 
sented by  some  cases  <^  tabes  in  which  the  oord  disease  reaches  a 
greater  degree  in  the  dorsal  than  in  the  lumbar  region.  There  are 
then  pains  and  angftthesia  in  the  trunk,  and  the  atrophy  in  the  legs 
may  be  little  marked.  In  maningitiB,  if  the  membranes  orer  the 
lumbar  enlargement  are  normal*  the  knee- j«rk  is  preserved  and  often 
tncresMd,  whUe  it  is  lost  in  tabes.  The  anesthesia  and  loss  of  the 
trunk  redeies  are  more  general  and  uniform  in  tabes  than  in  menin- 
gitis. 

Caries  of  the  spinal  bones  produces  many  of  its  symptoms  by  the 
sgenqr  of  chronic  meningitis,  which  always  results  from  it.  Hence 
the  diagnosis  depends  on  the  recognition  of  ike  presence  of  the  dimwim 
of  the  bone,  m  addition  to  that  of  the  membranes. 

Multiple  neuritis,  in  the  paralytic  variety,  presents  nerre- symptoms 
of  the  same  character  as  those  of  chronic  meningitis,  but  the  special 
symmetry  and  peculiar  distribution  of  the  atrophic  palsy,  the  promi- 
nence of  limb-tenderness,  and  the  absence  of  cord  symptoms,  pre- 
clude such  similarity  as  can  cause  actual  confusion  between  the  two 
diseases. 

Pbookosis. — The  differences  between  the  forms  of  chronic  menin- 
gitis, and  between  the  degrees  of  the  same  forms,  are  so  yast  as  to 
render  the  prognosis  of  the  disease  a  matter  of  individual  considera- 
tion in  every  case,  to  be  estimated  independently,  from  the  patho- 
logical characters.  The  severe  d^|;ree8  of  the  affection  are  attended 
with  danger  to  life,  and  even  the  slighter  forms  may  entail  serious 
consequences,  since  many  effects  of  the  disease,  especially  the  damage 
to  the  spinal  cord  itself,  tend  to  increase  by  the  myelitic  tendency 
wliich  is  set  up.  The  neuralgic  pains,  which  result  from  the  damage 
to  the  nerve-roots,  are  extremely  obstinate.  But  in  many  cases  the 
symptoms  ultimately  pass  away — ^the  irritation  ceases  and  the  com- 
pressed struotuies  slowly  regain  their  function.  The  prognosis  is 
most  favorable  in  the  cases  which  result  from  injury  and  from 
syphilis.  But  in  all  cases,  even  those  of  syphilitic  origin,  in  which 
thei«  is  reason  to  infer  considerable  formation  of  new  tissue,  the 
prognosis  must  be  cautious,  since  the  cicatricial  contraction  of  this 
tissue  may  perpetuate  the  damage  to  cord  and  nerves  which  its 
pressure  has  produced.    The  prognosis  is  better,  in  other  oases,  in 
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proportion  to  tbe  general  health  of  the  patient,  to  the  moderate 
degree  of  the  mischief,  and  to  the  extent  to  which  its  causes  are  under 
oontroL 

TssATMBirr. — ^Best  is  ess^tial;  in  setere  cases  it  shotild  be  abso- 
lute, and  in  eyerj  case  moyenents  which  increase  pain  should  be 
avoided.  The  pain  is  the  expression  of  irritation,  which  tends  to 
maintain  the  morbid  process.  Measures,  previously  inefEectiye,  will 
often  be  followed  bj  improTement  if  rest  is  added.  Posture  is  also 
of  great  importance.  The  prone  oouch,  impracticable  in  acute  menin- 
gitis, can  often  be  employed  in  chronic  cases  with  advantage,  to  lessen 
mechanical  congestion  of  the  spine.  Warm  baths  and  diaphoretic 
baths  have  been  recommended  as  useful,  especially  in  subacute  cases. 
Next  in  importance  to  rest  and  posture  is  counter-irritation.  Bepeated 
sinapisms  or  stimulating  liniments  may  be  used  if  mild  counter-irrita- 
tion only  is  required,  but  in  most  cases  greater  good  will  result  from 
moro  energetic  means — blisters  or  the  actual  cautery.  The  last  is 
especially  recommended  by  Joffroy  for  the  hypertrophic  pachymenin- 
gitis. It  is  probable  that  posture  favours  the  beneficial  influence  of 
ecnmter-irritation  in  a  very  important  degree. 

Sedatms  are  usually  needed  to  relieve  the  pain — morphia,  chloral, 
Indian  hemp  by  the  mouth,  subcutaneous  injections  of  morphia  or 
cocaine,  or  sedative  liniments  of  chloroform,  belladonna,  <&c.  In 
employing  sedatives  it  must  be  remembered  that  they  will  usually 
be  needed,  in  chronic  cases,  for  many  months,  and  after  a  time,  by 
the  artificial  need  they  create,  they  may  apparently  keep  up  the  pain. 
It  is  therefore  well,  if  possible,  to  alternate  two  or  more  sedatives, 
to  make  cocaine  take  the  place  of  morphia  as  much  as  possible,  and  to 
lessen  l^e  dose  from  time  to  time  tentatively,  and  without  the  know- 
ledge of  the  patient. 

Iodide  of  potassium  and  mercury  are  the  agents  that  have  most 
influence  over  the  morbid  process  itself.  Both  are  effective  in  syphi- 
Htio  cases,  but  in  other  forms  of  the  disease  mercury  has  far  more 
influence  than  iodide ;  it  may  be  rubbed  in  over  the  spine,  as  recom- 
mended in  the  acute  form.  The  ointment  and  oleate  may  be  rendered 
counter-irritant,  if  necessary,  by  the  addition  of  cantharides  ointment. 
In  many  cases,  tonics,  as  iron,  quinine,  and  cod-liver  oil,  are  needed.  - 
The  muscular  wasting  which  results  from  damage  to  the  nerve-roots 
requires  treatment  by  galvanism,  rubbing,  and  by  passive  movement, 
to  prevent  contractures.  If  hsemorrhagic  pachymeningitis  is  suspected, 
ergotine  may  be  used  in  addition  to  the  measures  suited  for  the  ordi- 
nary form.  Treatment  appears,  however,  to  exert  little  influence 
upon  it. 

Other  measures  are  the  same  as  have  been  described  for  the  acute 
form. 
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BLEMORRHAGE   INTO  THE   SPINAL  MEMBRANES  | 
HiEMATORAOHIS. 

Spinal  hsemorrliage  maj  be  outside  the  dura  mater,  between  it  and 
the  bones  (extra-meningeal),  or  within  the  dura  mater  (intra-menin' 
geaZ),  In  the  latter  situation  the  extravasation  maj  be  subdural^ 
between  the  dura  mater  and  arachnoid,  or  it  may  be  euharaehnoid, 
between  this  and  the  pia  mater.  HsBmorrhage  outside  the  dura 
mater  is  more  common  than  within  it. 

Causes. — Meningeal  hsBmorrhage  may  occur  at  aiU  ages.  It  is  met 
with  in  newly-born  children,  but  in  them  is  due  to  rupture  of  vessels 
during  birth,  and  the  blood  often  merely  descends  into  the  spinal 
membranes  from  those  of  the  brain.  Spontaneous  hsamorrhage  is 
unknown  in  early  childhood,  but  occurs  at  all  other  ages,  and  is  more 
common  in  men  than  in  women.  Of  the  immediate  causes,  injury  is 
the  most  frequent — ^fractures  of  the  spinal  column,  blows  or  faJls  on 
the  back  which  do  not  fracture  the  rertebrsB,  and  even  falls  on  the 
feet  or  buttocks.  It  is  occasionally  found  after  death  from  severe 
convulsions,  epilepsy,  puerperal  eclampsia  (in  which  an  altered  state 
of  the  blood  may  assist),  chorea,  strychnine  poisoning,  and  tetanus. 
In  some  instances  no  symptoms  were  observed  during  life  which 
could  be  referred  to  the  hsBmorrhage,  and  it  is  probable  that  the 
extravasation  occurred  only  during  the  last  moments  of  life.  Hence 
it  seems  likely  that  muscular  spasm,  resulting  from  a  meningeal 
hsemorrhage,  may  sometimes  have  been  looked  on  as  primary  and 
independent — ^the  cause  of  the  hsemorrhage  when  it  was  really  the 
effect  of  it.  This  seems  certain  in  many  cases  of  tetanoid  spasm 
In  newly-born  children— in  most  cases,  indeed,  in  which  such  spasm 
occurs  almost  immediately  after  birth  and  is  associated  with  menin* 
geal  hsBmorrhage.  Such  cases  should  be  separated  from  those  to 
which  the  term  tetanus  neonatorum  is  applied.  They  aie  further  con- 
sidered in  the  account  of  hsBmorrhage  into  the  cerebral  membranes  in 
Vol.  IL  Severe  and  prolonged  muscular  exertion  has  been,  in  a  few 
cases,  the  apparent  cause  of  spontaneous  hsBmorrhage.  It  also  occurs 
in  some  diseases  in  which  there  is  a  heemorrhagic  tendency,  such  as 
jYurpuric  states,  and  the  hsBmorrhagio  forms  of  some  acute  specific 
diseases,  smallpox,  yellow  fever,  &c.,  and  very  rarely  in  typhoid  fever 
apart  from  any  hsemorrhage  elsewhere.  In  most  of  these  cases  its.oc- 
currence  has  not  been  suspected  until  the  post-moi-tem  examination 
revealed  it,  and  it  probably  occurs  generally  during  the  last  moments 
of  life.  A  rare  cause  is  the  bursting  of  an  aortic  aneurism  into  the 
spinal  canal,  after  erosion  of  the  bodies  of  the  vertebrsB,  the  blood 
being  effused  outside  the  dura  mater.  HsBmorrhage  within  the  dura 
mater  has  also  resulted  from  the  rupture  of  an  aneurism  of  a  vertebra] 
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arterj.  Blood  may  descend  into  the  spinal  membranes  from  tHe 
eraninm,  in  cases  in  which  a  cerebral  extrayasation,  especially  abont  the 
pons,  escapes  into  the  meninges ;  this  may  occur  in  adults  as  well  aa 
in  the  meningeal  hsBmorrhage  that  is  produced  during  birth.  Lastly, 
in  cases  of  intense  meningeal  inflammation,  ecchymoses,  and  some- 
times considerable  extravasations,  have  been  found  on  both  sides  of 
the  dura  mater,  or  in  the  pia  mater. 

Patholooioal  Ahatomy. — Extra-dnral  hnmorrhage  comes  from 
the  plexus  of  large  yeins  which  lie  between  the  dura  mater  and  the 
bone.  It  is  usually  not  of  large  extent,  and  the  blood  collects  chiefly 
on  the  posterior  aspect,  where,  in  the  recumbent  posture,  grayitation 
favours  accumulation,  and  the  space  between  the  membrane  and  the 
bone  is  greater  than  in  front.  But  sometimes  the  extravasation  is 
veiy  extensive,  covering  a  large  part  of  the  dura  mater,  and  in  such 
cases  it  may  extend  through  the  intervertebral  foramina,  along  the 
nerves.  Hemorrhage  is  more  common  in  the  cervical  region  than 
elsewhere,  but  may  occur  in  any  part.  The  blood  is  usually  coagu- 
lated, wholly  or  partially.  The  dura  mater  is  blood-stained,  some- 
times even  through  to  the  inner  surface.  The  spinal  cord  may  be 
oompressed,  but  the  amount  of  blood  is  not  often  sufficient  for  this. 

It  is  easy  to  fall  into  grave  error  regarding  the  presence  of 
meningeal  heemorrhage ;  when  a  body  has  been  lying  on  the  back,  the 
veins  outside  the  dura  mater  become  distended  with  blood,  and  this 
escapes  when  their  walls  are  divided  in  opening  the  spinal  canal. 
Care  must  be  taken  to  avoid  the  error,  on  the  one  hand,  of  regarding 
the  blood  thus  escaping  as  an  ante-mortem  extravasation,  and,  on  the 
other,  of  overlooking  a  hemorrhage  which  actually  exists.  In  all 
cases  of  acute  spinal  disease,  in  which  a  post-mortem  examination  is 
to  be  made,  the  body  should  at  first  lie  face  downwards. 

Intra-^neningedl  hemorrhage. — ^An  extravasation  into  the  sac  of  the 
dura  mater  (subdural  hemorrhage)  may  be  small  in  quantity,  or  may 
fill  the  whole  cavity.  When  small  it  may  pass  from  one  part  to 
another.  In  subarachnoid  hemorrhage,  the  blood  comes  usually  from 
the  vessels  of  the  pia  mater ;  it  may  surround  the  cord  for  an  inch 
or  two,  or  may  fill  the  whole  subarachnoid  cavity.  Such  extensive 
effusions  are  rare,  except  when  the  blood  descends  into  the  arachnoid 
from  the  cerebral  membranes.  Blood  efEused  into  the  spinal  arachnoid 
has  been  known  to  ascend  as  high  as  the  pons,  and  even  to  break 
through  the  valve  of  Vieussens  and  get  into  the  cerebral  ventricles.* 
Simultaneous  cerebral  and  spinal  liemorrhages  have  been  known  to 
occur  from  a  common  and  powerful  cause,  as,  for  instance,  in  a  case 
of  puerperal  eclampsia  (Charrier). 

In  meningeal  hemorrhage,  cerebral  as  well  as  spinal,  the  spinal  fluid 
is  often  blood-stained,  and  thus  spinal  hemorrhage  may  be  thought 
to  be  more  considerable  than  it  really  is.    The  spinal  cord  is  often 

*  A«  in  an  appftrenfly  oonclauve  case  reported  by  Lepreatrv^  *Ardh.  g^  de 
UM.:  xzii,  p.  881. 
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disGoIoured  and  oompressed,  uid  is  espeeialljr  damaged  wlm  tihe 
hnmorrhage  ia  beneath  tlie  arachncHd.  In  ezteoflWe  eztra-meankgeal 
hfBmorrliage,  the  sabarachnoid  fluid  may  bedmen  a^raj  from  the 
compressed  part,  and  may  distend  the  arachnoid  bejoad  the  area  of 
compression,  the  limit  of  whicb  is  thns  marked.  In  cases  which  hare 
lasted  more  than  a  few  days  there  are  usually  signs  of  meningitis,  set 
up  by  the  irritation  of  the  blood. 

Stmftovs. — ^As  abeady  stated,  slight  meningeal  h»morrhage  is 
sometimes  f oimd  post  mortem  in  death  fxom  conrulsiTe  diseases  when 
no  symptoms  of  it  were  obserred  during  life,  and  in  these  cases  it  is 
probable  that  the  extrayasation  occurs  during  the  lethal  conTulsions. 
In  the  cases  in  which  hsamorrhage  causes  symptoms,  these  are,  for  the 
most  pai-t,  those  of  meningeal  irritation,  and  thus  bear  some  resem- 
blance to  the  symptoms  of  meningitis.  They  differ  in  the  suddenness 
and  Tiolence  of  their  onset,  to  which  exceptions  axe  extremely  rare. 
These  symptoms  are  nearly  the  same  whether  the  hssmorrhage  is  out- 
side  or  inside  the  dura  mater. 

The  first  indication  of  the  lesion  is  usually  sudden  and  riolent  pain 
in  the  back,  corresponding  in  position  to  the  seat  of  the  hesmorrhage^ 
but  generally  felt  along  a  considerable  extent  of  the  back,  and  oftcm 
severe  in  the  loins.  This  pain  in  the  back  is  usually  accompanied  by 
pain  along  the  course  of  the  nerres  passing  through  the  membrane 
near  the  extravasation,  darting  or  burning  pains,  often  of  great  in- 
tensity ;  they  are  paroxysmal  in  character,  and  between  the  pains  there 
may  be  various  abnormal  sensations,  tingling,  ^.,  referred  to  the  same 
parts,  and  accompanied  by  hypersBsthesia.  Musctilar  spasm  usually 
coincides  with  the  pain,  and  involves  partly  the  vertebral  muscles, 
causing  rigidity  of  the  spine  or  actual  opisthotonos,  partly  the  musdea 
supplied  by  the  nerves  in  which  the  pain  is  felt,  partly  the  muscles 
supplied  from  the  cord  below  the  seat  of  the  hesmorrhage.  The  con- 
vulsive movements  are  sometimes  general.  Intense  pain  in  the  back 
and  general  convulsion  have  been  known  to  be  the  only  symptoms. 
Occasionally  there  is  persistent  contraction  of  muscles,  and  there  is 
usually  spasmodic  retention  of  urine.  These  symptonur  of  irritation 
are  no  doubt  due  in  part  to  the  irritation  of  the  membranes  (causing 
the  vertebral  pain  and  reflex  spasm),  and  partly  to  the  irritation  of  the 
nerve-roots,  motor  and  sensory.  Paraljrtic  symptoms  quickly  follow — 
weakness  and  lessened  sensitiveness  in  the  limbs  below  the  lesion.  In 
some  cases  there  is,  at  last,  complete  loss  of  motion  and  sensation  in 
the  lower  limbs,  but  such  absolute  paralysis  is  not  common.  Loss  of 
power  at  the  onset  of  the  symptoms  usually  indicates  either  simul- 
taneous hsBmorrhage  into  the  cord  or  the  effusion  of  a  very  large 
amount  of  blood.  It  oocxas,  for  instance,  when  an  aneurism  bursts 
into  the  spinal  canaL 

The  symptoms  necessarily  differ  in  situation  aoeording  to  the  seat  of 
the  disease.  When  haemorrhage  is  in  the  cervical  region  (a  frequent 
seat),  the  pains  are  felt  in  the  neck  and  arms,  and  the  rigidity  may 
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absolute  immobilily  of  the  neck;  while  dysphagk^  inteiferenoe 
irith  xespirAtioii,  and  dilatation  of  the  pupils  may  be  sdded  to  the 
other  paralytic  symptoms.  When  it  is  in  the  dorsal  r^on,  intense 
pain  encircles  the  diest  or  abdomen.  If  in  the  lumbar  region,  the 
pain  is  felt  in  the  legs,  and  there  are  early  paraplegic  symptoms,  with 
loss  of  reflex  action  in  the  legs,  and  the  paraJytio  incontinence  of 
urine  and  faBoes  described  on  p.  246. 

As  a  rule,  in  spinal  hsamorrhage,  the  cerebral  functions  are  un- 
affected; the  unfortunate  patient  is  conscious  of  all  his  sufferings 
from  first  to  last.  Occasionally,  however,  consciousness  is  lost  for  a 
short  time,  apparently  from  shock,  and  delirium  or  coma  may  come 
on,  rn^eir  as  an  indirect  effect  of  the  spinal  lesion  on  the  brain,  or  in 
consequence  of  a  sudden  increase  in  the  intra-cranial  pressure,  due  to 
the  displacement  upwards  of  the  cerebro-spinal  fluid*  But  in  most 
cases  in  which  cerebral  symptoms  coexist  with  those  of  spinal  hemor- 
rhage, the  former  haTO  been  due  to  simultaneous  intra-cranial  disease ; 
this  is  the  case  when  the  blood  found  in  the  spinal  canal  comes  from 
within  the  skull,  as  in  most  cases  of  meningeal  hsBmorrhage  in  newly- 
born  children  (see  YoL  IE).  In  Tery  rare  cases  the  symptoms  of  spinal 
hflsmoxThage  have  come  on  insidiously,  without  pain,  as  in  a  case  in 
whieh  extensive  hsemorrhage  outside  the  dura  mater  in  the  cervical 
and  upper  dorsal  region,  in  a  girl  of  fourteen,  caused  only  very 
gradual  weakness  in  the  arms,  and  difKculty  of  breathing,  from 
which  she  died  at  the  end  of  a  fortnight.*  Such  a  case  illustrates 
the  almost  universal  law  that  there  is  hardly  any  "characteristic'' 
symptom  of  a  disease  that  is  not  sometimes  absent,  and  that  the 
absimoe  of  such  symptoms  has  incomparably  less  significance  than 
their  presence. 

The  symptoms  of  meningeal  httmoxrhage,  in  acute  cases,  usually 
reach  their  height  in  two  or  three  hours,  but  sometimes  not  for  a  few 
days.  Death  may  occur  when  the  effects  are  fully  developed;  or» 
after  the  symptoms  have  reached  their  height,  they  may  decline,  to  be 
renewed*  a  day  or  two  later,  by  secondary  meningitis.  This  is  accom- 
panied by  some  pyrexia^  and  may  cause  death;  but  if  moderate,  the 
symptoms  of  inflammation  last  a  week  or  ten  days,  and  then,  in 
favorable  cases,  permanent  improvement  commences. 

The  period  of  the  disease  at  which  death  is  most  common  is  a  few 
hours  after  the  onset  of  the  symptoms.  It  may  be  due  to  exhaustion, 
in  consequence  of  the  violence  of  the  pain  and  spasm,  but  is  more 
often  eaiued  by  the  interference  with  respiration  that  results  from  the 
conjoined  effect  of  the  palsy  and  spasm. 

DiAOHOSXS. — ^In  cases  in  which  definite  symptoms  are  produced, 
the  diagnosis  rests  on  the  combination  of  sudden  local  pain  in  the 
bade,  with  the  other  evidence  of  irritation  of  the  membranes,  nerve- 
roots,  and  cord,  above  enumerated.  When  the  hsemorrhage  is  of 
traumatic  origin,  the  fact  that  the  symptoms  rapidly  followed  an 
•  K.  Jackioii,  «i«iiMt»'  isee.  p.  s. 
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injury  facilitates  the  diagnosis.  In  the  extremely  rare  cases  in  which 
the  symptoms  come  on  insidiously,  without  pain,  the  diagnosis  of 
the  exact  nature  of  the  disease  is  scarcely  possible. 

In  hsamorrhage  into  the  substance  of  the  cord,  rertebral  pain  is 
much  more  frequently  absent  than  in  meningeal  hGamorrhage,  and 
when  it  occurs  is  less  intense  and  does  not  spread.  The  symptoms  of 
injury  to  the  cord  itself  are  prominent  from  the  commencement ;  there 
is  sudden  paralysis,  it  may  be  at  first  partial,  and  rapidly  increasing ; 
even  if  there  is  some  spinal  pain  at  the  onset,  the  loss  of  power  is 
soon  recognised,  not  being  concealed  either  by  the  severily  of  the  pain 
or  by  spasm.  In  meningeal  hsBmorrliage,  severe  pain  and  symptoms 
of  irritation  usually  precede  considerable  paralysis.  In  cases  which 
recoYcr,  the  paralytic  symptoms  are  more  persistent  when  the  hsemor- 
rhage  is  into  the  substance  of  the  cord.  But  hsemorrhage  into  the 
cord  often  breaks  through  into  the  membranes,  and  the  symptoms  of 
both  lesions  are  then  combined. 

Meningitis  is  distinguished  by  the  more  gradual  onset  of  the 
symptoms  and  by  the  presence  of  f eyer  from  the  first ;  the  fact  that 
inflammation  results  from  hsemonhage  must  be  kept  in  mind.  In 
myelitis,  pain  is  commonly  absent,  and  the  symptoms  of  irritation  are 
insignificant.  The  diagnosis  from  tetanus  depends  on  the  absence  of 
trismus,  on  the  presence  of  severe  spinal  pains,  and  on  the  sudden 
onset.  In  newly-born  children  the  diagnosis  is  supposed  to  be  diffi- 
cult,  bnt  during  the  first  few  hours  or  days  the  tetanoid  symptoms 
which  sometimes  occur  are  the  result  of  meningeal  hsBmorrhage  and 
injury  to  the  motor  cortex. 

One  case  of  spinal  hsBmorrhage  has  been  recorded  in  which  the 
symptoms  veiy  closely  simulated  those  of  strychnine  poisoning. 
Violent  paroxysms  of  muscular  spasm,  with  intense  general  pain,  but 
without  spinal  pain,  followed  by  death  in  two  hours,  were  apparently 
due  to  an  extensive  hsBmorrhage  into  the  sac  of  the  dura  mater.* 
Analysis  reveaJed  no  strychnia  in  the  stomach.  In  such  a  case  the  dia- 
gnosis would  have  to  be  determined  as  much  by  circumstantial  evidence 
as  by  the  symptoms,  and  even  the  post-mortem  discovery  of  haemor- 
rhage could  only  be  received  as  evidence  of  the  cause  of  the  convulsion 
if  no  other  were  found. 

Pbookosis. — ^In  all  severe  oases,  death  in  a  few  hours  is  to  be 
feared.  The  prognosis  only  becomes  less  grave  when  the  symptoms 
have  distinctly  reached  their  height,  although  there  is  stUl  some 
danger  until  the  period  of  secondary  inflammation  is  over.  Paralytic 
symptoms  often  persist  for  some  time,  but  even  these,  in  the  end,  may 
pass  away.  At  the  onset,  the  prognosis  must  be  governed  by  the 
rapidity  with  which  the  symptoms  develop  and  by  the  seat  of  the 
disease.  Hemorrhage  in  the  cervical  region  is  especially  serious, 
.because  the  mechanism  for  breathing  is  directly  invol^Bd. 

TniATMBHT. — ^The  first  point  is  to  secure  absolute  rest.     Even 
•  Dixon,  «  Lanoet»'  1879,  p.  888. 
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paariTe  morement  shotild  be  aToided.  Posture  is  also  of  most  nigeni 
importance.  It  ■hould  be  on  the  face  or  8ide»  and  not  on  the  baek*  lo 
that  the  spine  maj  not  be  the  lowest  part.  The  prone  position  for  a 
few  hours  adds  greatly  to  the  chances  of  less  damage.  Venesection 
has  been  employed  in  strong  indiyidnals,  with  the  object  of  arresting 
hiemorrhage  bj  rapidly  lowering  the  blood-pressure.  Leeches  or  wet 
Clipping  to  the  spine,  or  leeches  to  the  anus,  have  also  been  recom- 
mended in  oases  in  which  yenesection  is  unadyisable.  It  is  probable 
that  the  local  abstraction  of  blood  does  more  in  this  than  in  most 
internal  hsBmorrhages,  on  account  of  the  commHmication  between  the 
Tenons  plexuses  and  the  reins  in  the  retro-yertebral  tissues ;  and  it  is 
probable  that  the  wisest  treatment  at  the  onset  would  be  scarification 
beside  the  spine,  opposite  the  seat  of  pain,  the  blood  being  allowed  to 
flow  freely.  This  may  be  followed  by  the  application  of  ice  and  by  the 
administration  of  ergotine  by  the  skin  or  mouth.  Afterwards  the 
bowels  should  be  freely  opened.  SedatiTes  are  usually  required  to 
idieye  the  pain.  The  stage  of  meningitis  must  be  treated  on  the 
princq>les  laid  down  for  the  management  of  the  acute  form  of  that 
disease.  The  residual  palffy  requires  treatment  by  eleotricityy  Ao.»  in 
the  same  manner  as  the  consequences  of  meningitis. 

In  extra-meningeal  hssniorrhage  it  seems  justifiable  to  remore  blood 
that  is  compressing  the  cord,  by  opening  the  canal  and  perhaps  eren 
washing  out  the  canal  with  an  astringent  and  antiseptic  solutioiL 
Eren  when  the  blood  is  within  the  dura  mater»  the  operation  seema  to 
deserre  consideration  if  life  is  threatened. 


DISEASES  OF  THE  SPINAL  OOBD. 


ASJEMJA  AND  HYPEREMIA  OF  THE  SPINAL  CORD. 

The  condition  of  the  yesseb  of  the  spinal  cord  after  death,  their 
fulness  or  emptiness,  affords  no  indication  whatcTer  of  their  state 
during  life.  Inferences  as  to  the  ante-mortem  state,  drawn  from  the 
post-mortem  condition,  are  altogether  erroneous,  with  the  rare  excep- 
tion of  local  change,  in  which  the  vascular  condition  of  one  paxt 
differs  from  the  rest.  Practically,  such  local  yariation  occurs  only  as 
part  of  a  local  lesion,  as,  for  instance,  in  the  hyperemia  that  attends 
inflammation,  and  the  aniemia  that  results  from  pressure.  Hence  the 
occurrence  of  yariations  in  the  state  of  the  Tessels  of  the  cord,  and  the 
effects  that  such  variations  may  produce,  are  matters  of  inference  from 
symptoms  observed  during  life — symptoms  that  are,  in  themselves, 
open  to  various  interpretations.  Where  the  ground  is  barren  of  ftusts, 
theory  is  always  luxuriant.    AnieTnia  or  congestion  of  the  cord  afforda 
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a  ready  eiplanation  of  symptoms  the  cause  of  which  is  unknown,  and 
it  is  scaroelj  surprising,  therefore,  that  duch  an  explanation  has  been 
often  given.  But  the  extent  to  which  the  conditions  have  been  invoked 
transcends  any  measure  of  justification,  and  surprise  cannot  but  be 
felt  at  the  absolute  confidence  and  precision  of  detail  with  which  these 
states  have  been  assumed  to  exist,  when  there  has  been  no  tittle  of 
definite  evidence.  Positive  assertions  always  receive  some  credence, 
however  unwarranted  the  assertions  nuiy  be,  and  positions  incapable 
of  proof  are  sometimes  also  incapable  of  disproof.  It  would  be  a  futile 
and  useless  task  to  attempt  to  refute  in  d^ail  the  various  statements 
that  have  been  made  regarding  the  influence  of  ansemia  and  hypereamia 
of  the  spinal  cord.  It  will  be  sufficient  to  point  out  briefly  what  may 
be  reasonably  surmised  regarding  these  morbid  states. 

Anemia  of  the  Oobd. 

Permanent  diminution  in  the  hlood-aupply  to  considerable  areas  of 
the  spinal  cord  must  be  a  result  of  the  general  narrowing  of  the 
arteries  that  has  been  met  with  in  some  cases  of  chronic  meningitis ; 
but  it  is  then  associated  with  structural  changes  in  the  organ,  the 
efCeots  of  which  obscure  any  symptoms  that  can  be  ascribed  to  the 
anflBmia.  Nothing  is  practically  known  of  the  special  consequences  of 
this  condition.  The  same  statement  may  be  made  of  the  arrest  of  the 
blood-supply  to  limited  areas,  although  it  may  safely  be  asserted  that 
loss  of  function  of  the  part  must  be  a  necessary  consequence.  This 
has  been  also  demonstrated  by  experiment.  Suddenly  produced 
ansemia  at  once  abolishes  function  and  quickly  causes  necrosis  of  the 
nerve-elements — some  of  which,  however,  break  up  less  rapidly  than 
others,  and  retain  for  a  longer  time  the  power  of  resuming  function 
if  the  blood-supply  is  restored.  It  is  possible  that  such  local  arrest 
of  the  circulation  is  the  initial  process  in  some  organic  lesions  of  the 
cord,  but  the  fact  has  still  to  be  demonstrated  The  question  of  the 
occurrence  of  embolism  is  referred  to  in  a  separate  section. 

Transient  diminution  in  the  htood-supply  may  conceivably  be  the 
result  of  imperfect  embolism,  but  has  not  been  proved  to  have  this 
origin.  It  is  sometimes  supposed  to  be  due  to  arterial  spasm*  de- 
pendent on  the  vaso-motor  nerves.  This  has  been  assumed  as  an 
explanation  of  certain  passing  symptoms  occasionally  complained  of, 
loss  of  power  in  the  legs,  and  sensory  disturbance,  tingling,  "pins 
and  needles,"  <&c.,  in  the  legs  and  arms.  It  may  possibly  also  be 
the  cause  of  the  tetanoid  cramp  and  tingling  in  the  hands  with  which 
patients  sometimes  wake  up  during  the  night.  The  theory  is  tenable, 
but  it  ia  also  conceivable  that  such  symptoms  are  due  to  transient 
functional  states  of  the  nerve-cells  of  the  cord.  A  functional  de- 
rangement of  these  cells  must  be  the  immediate  cause  of  the 
symptoms,  whether  such  derangement  is  primary  or  is  produced  by 
spasm  of  the  vessels.    The  opinion  that  the  "  nocturnal  tetany,"  (as 
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it  maj  be  called,)  has  the  latter  origin  is  supported  hj  the  fact  that 
the  oocurrenoe  of  the  sjmptom  may  be  preyented  hj  a  small  dose  of 
digitalis,  taken  at  bedtime. 

The  ctuious  symptom  known  aa  "intermitting  lameness"  (which 
would  be  better  termed  "paroxysmal  lameness")  is  supposed  to 
depend  on  temporary  diminution  of  the  blood-supply  consequent  on 
arterial  degeneration,  but  it  is  not  known  whether  the  seat  of  this  is 
the  spinal  cord  or  the  brain*  The  character  of  the  symptom  suggests 
the  former,  but  its  associations  the  latter,  and  it  is  not  known  that 
the  arteries  of  the  cord  are  ever  the  seat  of  atheroma  in  the  cases  in 
which  this  condition  causes  the  cerebral  symptom  commonly  asso- 
ciated with  it,  "  dyslexia,"  a  peculiar  intermitting  difficulty  in  reading 
which  will  be  described  in  Vol.  II.  The  lameness  consists  in  a  sudden 
weakness  and  stiffness  of  one  leg,  accompanied  with  tingling  and 
Mimting  of  sensibility,  and  of  pain  on  an  attempt  to  Use  it.  The 
symptoms  are  inereased  by  an  effort  to  continue  walking,  and  pass 
away  after  a  rest  of  ten  minutes  or  so,  usually  returning,  on  renewed 
exertion,  again  and  i^ain.  The  difficulty  only  occurs  during  exertion. 
It  is  familiar  to  Teterinary  surgeons  as  occurring  in  horses.  The 
dyslexia  with  which  it  may  be  associated  is  of  graye  significance,  as  the 
car^bral  cause  seems  always  to  have  a  strongly  progressive  character. 

In  fdneral  anmmiOt  such  as  occurs  in  chlorosis  and  pernicious 
anflemia^  the  nutrition  and  fimction  of  all  organs  suffer,  and  the 
spinal  cord  shares  the  general  state.  The  readiness  with  which 
fatigue  of  the  legs  is  induced  in  such  conditions  may  be  due  to  the 
spinal  cord  as  wall  as  to  the  muscles.  The  legs  often  ache,  and  are 
sometimes  the  seat  of  yarious  disordered  sensations.  It  is  probable 
that  these  are  the  result  of  the  impaired  nutrition  of  the  nerve- 
elements,  in  consequence  of  which  their  functions  are  readily  deranged. 
In  some  patients  graver  symptoms  occur, — weakness  of  the  legs,  some- 
times of  the  arms  also,  which  may  increase  slowly  to  complete  paralysis. 
Sensation  and  the  sphincters  may  also  be  affected.  The  symptoms  in 
these  cases  are  now  known  to  depend  upon  structural  changes  in  the 
spinal  cord,  to  which  reference  will  be  made  later.*  The  well-estab- 
lished faot  that  optic  neuritis  may  result  from  chlorosis  is  interesting 
as  proof  of  the  intensity  of  changes  in  nerve-structures  which  anssmia 
may  excite. 

In  the  fuaniiiative  anmmia  that  results  from,  loss  of  blood,  besides 
the  symptoms  just  described,  paraplegia  sometimes  comes  on,  under 
conditions  which  exclude  the  idea  of  hysteria.  The  source  of  the 
hemorrhage  has  most  frequently  been  the  stomach,  kidneys,  or 
uterus.  The  paralysis  is  usually  motor  only,  but  Leyden  has  observed 
accompanying  hypersesthesia.  It  may  come  on  a  few  hours  or  days 
after  the  loss  of  blood,  or  only  at  the  end  of  one  or  two  weeks.  Most 
eaaes  recover.  The  pathological  process  which  causes  the  paralysis  is 
not  known.  The  loss  of  power  is  comparable  to  the  loss  of  sight 
*  See  Seetion  oa  *  Belerosii  of  the  Cord  from  Toxic  Canees." 
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whicli  occurs  from  the  same  cause,  in  which  there  maj  be  no  Tisible 
morbid  change,  or  inflammation  may  be  found,  sometimes  sneceeding 
the  loss  of  sight,  and  therefore  to  be  regarded  aa  a  result  of  the 
derangement  of  the  nerve-elements,  or  of  the  influence  to  which  this 
is  due,  rather  than  as  the  cause  of  the  amaurosis. 

The  treatment  of  the  symptoms  due  to  general  ansemia  is  of  course 
essentially  the  improvement  of  the  blood-state.  Symptoms  which  can 
be  ascribed,  with  probability,  to  vaso-motor  spasm  may  be  prevented 
by  drugs  that  cause  a  more  uniform  arterial  tone,  such  as  dijg^talis  or 
belladonna,  coupled  with  nux  vomica  or  strychnia^  to  render  the  effect 
permanent* 

HyPBBiBMIA  OF  THB  SpIKAL  OoBD. 

The  conditions  of  the  return  of  venous  blood  from  the  coid  probably 
shield  it  effectually  from  the  mechanical  congestion  from  which  almost 
every  other  organ  of  the  body  suffers  when  the  movement  of  blood 
through  the  thorax  is  hindered.^  The  chief  mechanical  congestion  to 
which  the  cord  is  liable  is  that  which  results  from  the  influence  of 
gravitation,  and  occurs  when  a  person  is  lying  on  the  back.  The  dis- 
tension of  the  veins  outside  the  dura  mater,  and  also  of  those  of  the 
pia  mater,  which  occurs  when  the  heart  has  ceased  to  act,  and  the 
blood  is  free  to  obey  the  only  mechanical  force  which  then  acts  upon 
it,  sufficiently  proves  the  power  of  gravitation  to  congest  the  cord. 
But  it  is  not  probable  that  gravitation  has  anything  like  the  same 
influence  during  life,  counteracted,  as  it  then  is,  by  many  other  forces. 
Some  persons  with  imperfectly  nourished  cords  (easily  fatigued*  liable 
to  tingling,  &c,,  in  the  legs)  suffer  from  aching  in  the  legs  or  spine 
when  they  lie  on  the  back.  Since  this  ceases  when  the  posture  is 
changed,  it  is  probably  due  to  the  mechanical  congestion  of  the  cord 
or  membranes.  It  is  doubtful  whether  any  other  symptoms  can  he, 
with  confidence,  assigned  to  mechanical  congestion. 

Of  active  congestion  our  definite  knowledge  may  be  summed  up  in 
the  statement  that  it  occurs  in  the  early  stage  of  inflammation.  We 
know  nothing  of  it  as  an  independent  condition.  Nevertheless  many 
pages  might  be  filled  by  the  enimieration  of  the  various  symptoms  of 
congestion  of  the  spinal  cord, — in  which  the  unrestricted  play  of 
"  scientific"  fancy  has  elaborated  a  symptomatology  for  the  separate 
congestion  of  every  part  of  the  spinal  cord.  Probably  the  only  case  In 
which  we  are  warranted  in  suspecting  a  primary  active  congestion  of 
the  cord  or  membranes,  is  that  in  which  symptoms  identical  with  those 
of  commencing  myelitis,  and  following  a  cause  of  myelitis,  pass  away 
in  the  course  of  a  few  days.  These  cases  will  be  mentioned  in  the 
account  of  inflammation  of  the  cord. 

An  active  congestion,  which  may  be  called  secondaiy,  seems  to  result 
from  prolonged  and  violent  action  of  the  nerve-elements  of  the  spinal 
cord.    Thus  local  dilatation  and  distension  of  vessels,  migration  of 
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leaoocjtes  into  the  sheath  and  into  the  adjacent  tissue,  and  even  small 
extraYasations,  are  found  in  some  cases  of  hydrophobia,  of  tetanus, 
and  of  stiychnine  poisoning,  and  it  is  probable  that  a  similar  con- 
gestion attends  all  violent  physiological  activity,  violent  and  continued 
muscular  exertion,  coitus,  &c.  Coitus  several  times  repeated  has  been 
known  to  cause  hssmorrhage  within  the  cord  which  must  be  preceded 
by  an  intense  congestion.  Vascular  dilatation,  with  an  increased 
blood-supply,  is  the  physiological  attendant  of  functional  activity  in 
all  organs,  and  doubtless  also  in  the  cord,  but  it  is  morbid  only  when 
excessive.  It  is  doubtful  whether  it  causes  symptoms  unless  it  goes 
on,  as  it  probably  may,  to  actual  inflammation. 


INFLAMMATION  OP  THE  SPINAL  OOBD; 
MYELITIS. 

Inflammation  of  the  spinal  cord  is  a  common  lesion  in  the  acute, 
subacute,  and  chronic  forms.  It  usually  causes  a  considerable 
diminution  of  consistence,  and  hence  the  term  "softening  of  the 
spinal  cord  "  has  been  used  as  a  synonym  for  it.  But  the  term  is  not 
accurate,  because  inflammation  does  not  always  cause  softening,  and 
a  diminution  of  consistence  may  occur  without  inflammation.* 

The  spinal  cord  differs  from  most  other  structures  in  that  its  power 
of  recovering  functional  capacity  after  damage  by  inflammation  is 
comparatively  small.  The  symptoms  persist  for  a  long  time,  and  are 
not  unfrequently  permanent.  Hence  the  distinction  between  acute 
and  chronic  inflammation  is  to  be  drawn,  not  from  the  whole  course 
of  the  disease,  but  from  the  mode  of  onset.  It  is  this  which  indicates 
the  character  of  the  morbid  process.  Acute  wyeliiis  is  that  form  in 
which  the  symptoms  indicating  inflammation  of  the  cord  come  on 
rapidly  and  reach  a  considerable  height  in  a  short  time,  in  less  than 
two  weeks.  When  the  onset  occupies  from  two  to  six  weeks  the 
inflammation  is  regarded  as  8uh(icute,  When  a  still  longer  time 
elapses  before  the  symptoms  reach  a  considerable  degree  of  intensity 
the  myelitis  is  termed  chronie.    There  is,  of  course,  no  sharp  distinc- 

*  Oppenbeim,  Pierre  Marie,  and  Brani  have  been  espeoiaUy  identified  with 
objeedimt  whieh  have  been  raited  to  the  nomenclature  in  catei  of  myelitis.  They 
■Iligo  that  many  cases  of  ■o-called  myelitie  are  due  to  eoftoning  from  yascular 
tbromboeia  and  to  other  caniei  not  itrictly  inflammatory  in  character.  They  even 
allege  that  eompreadon  or  pressure  myelitis  is  a  misnomer.  There  is,  no  doubt,  mnch 
truth  in  what  they  allege  in  reference  to  softening,  bat  it  is  not  easy  to  understand 
an  oljection  to  naming  the  condition  myelitis  which  occnrs,  at  least  in  many  cases 
of  eompression,  and  the  Tiews  as  to  what  constitutes  true  inflammation  are  so  con- 
flicting that  little  alteration  has  been  made  in  this  edition  in  the  point  of  view  from 
whieh  myelitis  is  regiirdad  in  earlier  editions  of  this  work. 
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tioii  between  these  classes.  The  subacute  and  acute  fonns  maj  be 
convenientlj  described  together.  Other  Tarieties  ai«  baaed  on  the 
distribution  of  the  disease.  The  grey  matter  maj  be  affected  only*  or 
chiefly,  polio-myelitia  (from  woXiot,  giey),  a  form  that  has  distinctiTe 
characters  which  make  its  separate  description  desirable.  When  the 
whole  thickness  of  the  cord  is  affected  in  a  small  Tertical  extent  the 
myelitis  is  said  to  be  transverse.  This  is  one  of  the  most  common 
forms.  When  an  extensive  area  of  the  cord  is  continuously  inflamed 
the  myelitis  is  said  to  be  diffuse ;  when  one  small  area  is  affected  the 
inflammation  is  called /ocaZ;  when  there  are  many  foci  contiguous  or 
distant  the  myelitis  is  said  to  be  dusemintUfd^  and  when  such  foci  are 
present  in  the  brain  and  pons,  as  well  as  in  the  cord,  the  condition  is 
spoken  of  as  disseminated  encephaJo-myelUis.  Inflammation  of  the 
grey  matter,  around  the  central  canal,  extending  into  the  intermediate 
grey  substance  and  to  a  less  extent  into  the  cornua,  has  been  termed 
central  myelitis.  A  further  important  distinction  is  that  between 
parenchymatous  myelitis,  an  acute  affection  beginning  in  the  nerre- 
elements,  and  the  interstitial  form,  which  begins  either  in  all  the 
elements  or  in  the  connecting  tissue,  and  in  which  Tascular  disturbance 
takes  a  prominent  part.  The  latter  is  the  common  form  of  myelitb, 
whether  transverse  or  disseminated,  but  the  former  is  of  importance  on 
account  of  the  limited  class  of  symptoms  to  which  it  gives  rise  and 
of  its  special  causal  relations.  This  distinction  ia  already  familiar  in 
regard  to  multiple  inflammation  in  the  nerves. 

AouCT  MyxLina* 

EnoLOOT. — Bemote  eotwe^.— Little  is  known  of  the  influence  d 
hereditaiy  predisposition,  but  myelitis  is  sometimes  met  with  in 
members  of  families  in  which  other  evidence  of  a  neuropathic  tendency 
can  be  traced.  Males  suffer  more  frequently  than  fmales.  It  may 
occur  at  all  ages,  but  the  form  which  occurs  in  young  children  ia 
usually  confined  to  the  anterior  comua ;  other  forms  of  myelitis  an 
most  common  between  ten  and  forty  years. 

Immediate  causes,^  MjehioB,  acute  and  subacute,  is  readily  pro- 
duced  by  injuries  to  the  cord  of  all  kinds, — lacerations,  bruises,  and 
punctured  wounds.  It  also  seems  to  follow  simple  concussion,  but  in 
many  of  these  cases  there  have  been  minute  foci  of  structural 
damage.  The  myelitis  produced  by  concussion  is  often,  however,  far 
more  extensive  than  the  primary  lesion,  for  the  latter  may  cause  few 
symptoms,  and  a  few  days  later  a  complete  transverse  myditis  may 
develop.  Haemorrhage  into  the  cord,  especially  of  traimiatic  origin, 
may  have  a  similar  effect ;  it  may  be  followed  after  a  short  interval 
bj  extensive  myelitis*  In  cases  in  which  an  interval  of  more  than  a 
few  days  elapses,  pain  in  the  spine  may  show  that  a  morbid  process 
is  going  on  by  which  the  myelitis  is  produced.  Thus,  in  one  case  of 
acute  myelitis,  two  weeks  after  a  fall,  there  was  continuous  pun 
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dming  the  interral,  ooirespondiiig  to  the  seat  of  tbe  lat^  ixiflamiiia- 
tion.  ConctiBBioii  also  sets  tip  tbe  snbacute  form  of  myelitis,  and 
this  is  especiallj  common  after  railway  accidents  (see  Tmiunatio 
Lesions). 

Allied  to  injury  as  a  canse  is  yiolent  action  of  tbe  muscles  attadied 
to  the  spinal  column,  which  has  sometimes  i^>peared  to  be  the  sole 
agent  in  piodndng  an  acnte  inflammation  in  tbe  adjacent  part  of  the 
spinal  oord.  Tbe  disease  has  been  known  to  follow  a  single  violent 
oontraction  of  the  dorsal  muscles,  as,  for  instance,  a  successful  but 
Tiolent  effort  to  prevent  a  fall.  It  is  possible  that  there  is  an  actual 
injniy  to  the  cord  in  these  cases,  but  more  probably  inflammation  is 
set  up  in  the  fibrous  tissues  of  the  vertebral  column  or  nerve-roots, 
and  spreads  to  the  cord.  It  is  also  possible  that  compression  of  the 
vessels  may  be  concerned  in  the  mechanism.  In  several  cases  tbe 
disease  has  resulted  from  attempts  to  lift  heavy  weights.  Thus  a 
man,  two  days  after  such  an  attempt,  became  rapidly  paraplegic,  and 
tdtimately  died ;  softening  of  the  cord  was  foxmd  at  tiie  level  of  the 
fifth  and  sixth  cervical  vertebrsB.  Slow  compression  (9.  v.)  is  con- 
stantly attended  by  inflammation  in  the  compressed  part;  tbe 
myelitis  thus  set  up  may  have  an  independent  course,  acute  or 
subacute,  and  may  not  be  proportioned  to  the  pressure.  In  cancer 
of  the  vertebral  bones,  for  instance,  veiy  slight  pressure  may  cause  an 
acute  inflammation;  there  is  probably  sometimes  an  extension  of 
inflammation  to  the  cord  &om  tlie  external  disease,  but  such  extension 
is  not  necessary  for  the  occurrence  of  the  myelitis ;  the  inner  sui&ce 
of  the  dura  mater  is  often  normal.  Acute  myelitis  also  results  from 
internal  meningitis,  in  which  some  degree  of  invasion  of  the  ooid  is 
afanost  invariable. 

Another  exciting  cause  is  exposure  to  cold,  especially  when  the 
body  is  heated,  lying  on  damp  grass  or  on  snow,  bathing  in  oold 
water,  Ac.  This  cause  has  been  si\pposed  to  act  by  suppression  of  the 
functions  of  the  skin,  since  myelitis  has  been  produced  by  varnishing 
the  skin  of  animals,*  but  it  is  unlikely  that  this  is  the  sole  mechanism. 
Exposure  of  the  back  to  cold  sometimes  seems  especially  effective. 
MyelitiB  has  been  produced  experimentally  in  rabbits  by  freezing  the 
sldn  of  the  back  with  ether  spray  (Feinberg)  and  by  painting  the 
cord  itself  with  Fowler's  solution  (Leyden).  It  is  probable  that 
cold  usually  acts  by  the  mechanism  of  a  morbid  blood-state,  such  as 
that  which  causes  rheumatic  fever,  but  which  certainly  varies  greatly 
in  its  precise  character  and  pathogenetic  power.  It  is  also  certain 
that  local  exposure  frequently  causes  inflammation  in  organs  corre- 
sponding to  the  part  of  the  surface  that  is  especially  chilled,  although 
tills  influence  may  be  chiefly  to  determine  the  incidence  of  the  effect 
of  the  blood-state.  In  myelitis  from  cold,  local  exposure  can  seldom 
be  traced,  and  the  common  mechanism  is  probably  that  of  a  blood- 

*  Feinberg,  *  Vlrehow's  ArchiT,'  Bd*  lix.  In  Vulpian't  kbontory  dmilar  experi- 
■lenU  faiUd. 
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state.  It  is  instructive  to  compare  tlie  analogous  &ota  regarding  th^ 
causation  of  multiple  neuritis.  Orer-exertion  is  another  poweiful 
cause,  and  is  especially  effective  when  combined  with  insufficient 
food  and  exposure  to  cold. 

The  sudden  suppression  of  the  menses  and  of  other  habitual 
discharges  has  been  supposed  to  cause  the  disease.  In  most  instances 
of  the  kind  there  has  also  been  exposure  to  cold,  to  which  the  sup- 
pression and  the  mjelitis  maj  both  have  been  due,  and  it  is  impos- 
sible to  say  how  far  the  former  has  been  concerned  in  the  process. 
Thus,  a  girl  sat  on  wet  grass  during  menstruation,  which  was 
immediatdlj  arrested,  and'  mjelitis  followed,  a  day  or  two  later.  It  is 
conceivable  that  the  sudden  arrest  of  the  discharge  may  lead  to  a 
morbid  state  of  the  blood,  or  modify  that  which  a  chill  alone  is 
capable  of  producing,  and  that  the  derangement  of  the  uterine  func- 
tions may  have  a  direct  influence  on  the  cord  and  dispose  it  to  suffer. 
It  is  noteworthy  that,  in  the  case  referred  to,  the  inflammation  was 
in  the  part  of  the  cord  to  which  the  pelvic  organs  are  related,  the 
lumbar  region. 

Functional  over-action  of  the  cord  may  cause  inflammation  in  the 
part  that  is  thus  over-exerted.  It  has  been  already  mentioned  that 
long-continued  stimulation  of  the  sensory  nerves  may  cause  myelitii 
at  the  spot  related  to  the  nerves  stimulated.  As  we  have  just  seeOt 
active  function  everywhere  involves  vascular  dilatation,  which*  if 
excessive,  amounts  to  active  congestion,  and,  when  prolonged,  is 
attended  by  the  escape  of  leucocytes  that  renders  the  condition  one 
of  inflammation.  However  excited,  such  a  process  has  a  tendency 
to  independence  of  course,  and  to  proceed  beyond  the  degree  corre- 
sponding to  its  cause.  It  is  especially  local  functional  over-actio]| 
that  has  a  tendency  to  cause  myelitis.  Thus  the  affection  seemB  to 
be  sometimes  produced  by  sexual  excesses.  Occasionally,  however» 
general  over-action  of  the  cord,  as  in  severe,  long-continued  exer- 
tion, has  been  followed  by  the  disease.  In  one  case  it  was  due  to 
lying  at  rest  on  damp  ground,  after  an  unusually  long  walk  on  a 
hot  day. 

Toxic  blood-states  constitute  a  well-marked  class  of  causes,  and 
their  influence  is  rendered  the  more  distinct  by  the  analogous  causi^ 
tion  of  multiple  neuritis.  They  may  be  acute  conditions  due  to  some 
organised  virus,  perhaps  allied  to  those  that  produce  the  acute  specific 
diseases.*  Inflammation  of  the  cord  occasionally  comes  on  in  the 
course  of,  or  after,  typhus,  typhoid,  erysipelas,  malaria,  and  especially 
variola  and  measles,  as  well  as  acute  rheumatism  and  severe  puerperal 
diseases.  The  onset  may  be  during  the  acute  disease,  at  any  period 
after  it  has  existed  for  about  a  third  of  its  duration,  or  it  may  occur 
during  convalescence,  or  a  month  or  more  after  the  disease  is  over. 

•  See  Buzzard  and  Kisieu  Russell  ('Trans.  Clin.  Soc.,'  1897),  who  d«tcribe  a  caM 
of  meningo-myelitis  in  which  a  diplucoccus  was  found  in  the  membranei^  and  onlftarai 
on  nutrient  media  showed  the  presence  of  an  identical  organism. 
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Whether  lyphiliB  is  a  cause  of  acute  mjelitifl  is  a  question  on  which 
opinions  differ.  Attacks  of  acute  myelitis  are  not  uncommon  in 
syphilitic  subjects,  and  it  seems  on  the  whole  probable  that  the 
mechanism  is  by  disease  of  the  vessels,  such  as  is  found  in  the  pia 
mater  in  some  cases.*  The  myelitis  that  occurs  in  acute  specific 
diseases  is  probably  due  to  the  virus  of  the  primary  disease,  to  a 
product  of  it,  or  to  a  secondary  infection  engrafted  on  the  first. 
Thus  Marinesco  found  streptococci  in  the  spmal  cord  in  a  patient  in 
whom  paralysis  came  on  in  the  course  of  smallpox.  The  fact  that 
the  inflammation  is  commonly  disseminated,  suggests  that  some 
specific  organisms  have  a  tendency  to  fix  themselYes  in  the  spinal  cord 
and  set  up  inflammation.  In  diphtheritic  paralysis,  the  cells  of  the 
oord  may  present  changes  that  amount  to  a  parenchymatous  myelitis. 
The  fact  that  chronic  changes  in  the  cord  may  be  a  late  effect  of 
syphilis  (as  in  tabes)  makes  it  the  more  easy  to  conceive  that  acute 
processes  should  sometimes  occur  in  an  earlier  stage  of  the  diseascf 

In  another  class  of  diseases,  a  special  influence  of  the  virus  appean 
to  be  associated  with  the  results  of  functional  over-action.  This 
effect  is  especially  seen  in  hydrophobia  and  in  tetanus.  In  some 
cases  of  this  disease,  foci  of  a  somewhat  diffuse  myelitis  of  slight 
d^ree  are  conspicuous  on  microscopical  examination.  Still  more 
intense  myelitic  changes  are  sometimes  met  with  in  the  chorea  of  the 
dog,  although,  in  other  instances,  the  cord  is  normal. 

Chronic  blood-states  and  constitutional  conditions  may  also  caiue 
acute  myelitis.  Alcoholism  is  an  occasional  cause,  and  frequently 
produces  the  subacute  form.  Gonorrhoea  has  also  been  shown  by 
Iieyden,^  Gowers,§  Barri^,  and  others  to  be  a  cause  of  myelitis.||  The 
most  potent  agent  of  this  class  is  gout.  This  is  known  to  be  a 
frequent  cause  of  inflammation  in  various  structures, — of  the  nerves 
among  the  rest;  and  cases  of  acute  and  subacute  myelitis  are  met 
with,  especially  of  the  disseminated  and  relapsing  f orms,  for  which 
no  other  cause  can  be  discovered.  In  one  such  case  the  patient  had 
but  lately  recovered  from  a  severe  and  prolonged  attack  of  gouty 
inflammation  of  several  intra-ocular  structures.  Like  other  chronic 
general  causes,  gout  probably  often  acts  as  a  predisponent  when  the 
malady  is  excited  by  some  other  cause. 

Irritation  and  inflammation  of  peripheral  organs,  as  the  uterus, 
bladder,  kidneys,  intestine,  Ac.,  have  been  supposed  to  be  an  occasional 
cause,  but  this  influence  is  exceedingly  doubtful,  except  in  the  rare 

*  Sadden  paraplegia  ooourred  In  a  easa  in  which  there  wai  diflfdie  arteritis,  inp- 
p(«ed  to  be  typhi  litie  (Sohmaoi,  'Aroh.  f»  kl.  Med./  1880)}  tae  alao  Williamson, 
« Lancet' 1894. 

t  Boarget  ('  Arch,  de  M^.  ezper.,'  1893)  foond  acnte  mjelitie  almoet  destroying 
the  lombar  enlargement,  prodaced  bj  the  injection  of  the  itreptooocci  of  erysipeUe. 

t  '  ZeitMshr.  f.  klin.  Med./  1892. 

{  'Clinical  Lectures/ Qowexs. 

I  Compare  with  this  a  coiuHtion  of  nenritb  resnlting  from  gonorrhCM  (p*  1419)^ 
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eases  in  which  inflaiDTnation  of  a  nerve  ascends  to  the  oord^  111  ft 
considerable  number  of  cases  we  are  able  to  discoYer  no  eonse  to 
which  myelitis  can  be  ascribed.  Manj  of  these  are  probablj  due  to  a 
blood-state  which  maj  have  no  other  consequences  or  maj  also  oaote 
simultaneous  inflammation  elsewhere.* 

PiLTHOLoaiCAL  Akatomt. — ^In  recent  acute  inflammation  of  the 
cord,  the  pia  mater,  at  the  affected  part,  is  usuallj  red  and  vascular, 
and  the  cord  itself  may  be  slightly  swollen.  Its  tissue  is  reddened  and 
often  marbled  from  distended  vessels,  and  the  distinction  between 
white  and  grey  matter  is  indistinct  or  lost. 

The  diminution  of  consistence  which  occurs  in  acute  inflammation 
may  be  so  great  that  the  affected  part  is  diffluent,  like  cream,  and 
flows  out  when  the  pia  mater  is  divided.  It  does  not  follow  that  the 
consistence  is  lessened  to  this  degree  during  life ;  post-mortem  soft- 
ening occr-s  more  readily  at  an  inflamed  part.  When  the  vascular 
disturbance  and  extravasation  are  considerable,  the  condition  is  termed 
"  red  softening  ;*'  so  much  blood  may  be  effused  into  the  tissue  that 
the  part  looks  as  if  there  had  been  an  actual  hssmorrhage,  and  in 
some  cases  an  extensive  extravasation  does  actually  exist ;  this  form 
is  termed  *' hemorrhagic  myelitis  "  If  the  inflammation  has  existed 
for  some  time,  the  effused  blood  is  altered  in  tint»  and  the  colour  of 
the  softened  part  may  be  rather  chocolate  than  red.  After  a  longer 
time  the  changes  in  the  blood-pigment  cause  the  colour  to  be  lighter, 
"yellow  softening."  In  many  cases  the  breaking  up  of  the  nerve- 
elements  (partly,  as  just  stated,  post  mortem)  is  out  of  all  proportion 
to  the  extravasation  of  blood,  so  that  the  softening  is  "  white."  It  is 
said  that  red  and  yellow  softening  may  ultimately  become  white  from 
the  removal  of  the  blood-pigment,  but  the  evidence  of  this  is  inade- 
quate. The  period  at  which  these  changes  of  colour  are  found  varies 
according  to  the  amount  of  extravasation  at  the  onset.  At  a  later 
period  the  yellow  or  white  opaque  aspect  is  changed  to  a  grey  trans- 
lucent appearance,  from  the  absorption  of  the  fatty  products  of 
degeneration,  and  an  increase  in  the  connective  tissue.  If  the 
myelitis  is  very  limited  in  extent,  cavities  may  be  formed  within  the 
cord. 

The  microscopical  appearances  in  myelitis  vary  much  according  to 
the  duration  and  form  of  the  inflammation.  In  the  fresh  state  the 
most  conspicuous  objects  are  the  products  of  degeneration  of  the 
fibres,  granules  and  masses  of  myelin,  and  granule  corpusdes,  with, 
in  older  cases,  the  peculiar  bodies  termed  ''corpora  amylacea" 
(Fig.  97).      With  these  are  numerous  red  blood-discs,  leucocyte- 

*  Thoiuot  and  Masselin  ('  Rev.  de  M^./  1894)  injected  pore  eultnres  of  Si&pif* 
ioeoecus  aurmu  and  Bacierimm  eoli  eommmHS  into  rabbiti,  producing  penple^a, 
the  result  of  spinal  cord  changes.  The  grey  matter  was  ciiiefly  affected,  and  fclie 
micro-organisms  could  be  found  in  the  cord  as  long  as  six  months  later.  They 
regard  so-called  reflex  paraplegia  rs  almost  certsinly  the  rgtalfc  of  eooM  infective 
eondition  similar  to  that  which  they  prodneed  artificially. 
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like  oorpusdes,  aad,  after  the  first  week,  dittinei  eells,  round,  emit 
•piAdle^Bliiaped,  or  angular,  with  nuclei  which  resemble  leuoocjtes  in 
size,  and  are  readily  mistaken  for  them.  Fragments  of  axis-cjlinden 
may  also  be  seen,  granular  in  aspect,  and  with  irregular  swellinga 
(Fig.  97). 

The  softened  and  even  diffluent  state  of  the  tissue  prevents  us  from 
learning  much,  by  microscopical  examination,  of  the  condition  of  the 
parts  in  which  the  inflammation 
is  intense  and  diffuse,  because 
the  breaking  up  of  the  tissue 
and  separation  of  the  fragments 
renders  it  impossible  to  obtain 
sections  of  the  hardened  organ. 
It  is  only  where  the  inflamma- 
tion is  less  intense,  or  less  uni- 
formly diffused,  that  a  thorough 
examination  can  be  made.  The 
products  of  degeneration  are 
best  seen  in  the  fresh  state  or  in 
sections  moimted  in  glycerine 
(Fig.  97).  The  fragments  and 
globules  of  myeUn  in  part  occupy 
the  position  of  the  nerve-iibres 
from  which  they  have  come, 
in   part    are    aggregated    into 


Fie.  97.— Myelitii.  m^  sa  Intgiibrly 
■wollen  azia-cylinder.  h,  lection  off 
nerre-fibre  with  swollen  axia-cylinder. 
Op  MetioD    of   white   tabctance,    with 

frannle-masset    and    atrophied    nerve- 
bree.     d,  oorpora  amylaoea, 
Loyden.) 


(From 


In  sectionB  rendered  trans- 
parent in  the  ordinary  way. 
the  fatty  products  of  the  de- 
itmotion  of  the  nerre-elements 
are  inrisible,  and  the  most  con- 
spicuous alterations  are  the  dila- 
tation of  vessels,  which  is  often 
Teiy  great,  and  the  accumulation  of  leucocytes  and  other  odl- 
elements  in  the  tissue,  and  especially  about  the  Tessels.  In  the  white 
substance  the  larger  Tessels  are  conspicuous  by  their  enlargement, 
and  in  the  grey  substance  the  dilated  arteries  and  capillaries  may 
occupy  a  considerable  part  of  the  tissue  (Figs.  98.  99,  ▲).  The  nuclei 
of  the  capillaries  are  large  and  numerous.  The  walls  of  the  smaller 
arteries  are  encrusted  with  leucocytes  in  the  early  stage,  and,  later 
on.  in  both  white  and  grey  substance,  are  much  thickened  by  cells^ 
the  nuclei  of  which  are  often  elongated  and  more  or  less  concen- 
tric to  the  lumen  of  the  vessel  (Fig.  102,  d).  Outside  this  thickened 
wall  the  perivascular  sheath  is  enormously  distended,  at  first  by  leuco- 
cytes^ among  which,  afterwards,  other  cells  are  mingled — ^round, 
fusiform,  angular,  with  leucocyte-like  nuclei  (Fig.  102) .  In  transverse 
section  this  distended  sheath  may  look,  at  first  nght.  like  an  enormous^ 
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thickened  wall.  Bed  blood-corpuscles  distend  the  vessels  and  are  seen 
also  in  the  adjacent  tissue,  sometimes  uniformly  scattered  through  it 
(Fig.  102,  f),  sometimes  aggregated  in  smaU  extrarasations  due  to  the 
rupture  of  minute  vessels.  The  grej  substance  is  densely  sot  with 
round  corpuscles,  staining  deeply,  many  of  which  are  the  nuclei  of 
■mall  fusiform  or  angular  cells  (Figs.  99,  a,  101,  b),  while  the  inter- 
Toning  substance  is  much  more  granular  than  in  health.    The  nerve- 


FlO.  08.— Snbteiite  mjelitii,  lumbar  reg^ionf  both  wMte  and  grey  sab* 
■tanoe  uniformly  affected.    Id  the  latter  the  numerous  distended  \ 
appear  ab  lines;  here  and  there  a  larger  one  is  risible. 


Pig.  09.~Portion8  of  the  section  shown  In  the  last  figure,  more  highly  magnified. 
A,  from  the  left  ant.  coruu;  distended  capillttries  with  numerous  nuclei  i  larger 
▼es'<eU  with  slight  distension  of  perivascular  sheaths ;  numerous  round  and  stelUte 
cells  I  ganglion-cells,  swollen,  with  shrivelled  processes.  C,  from  front  of  posu 
column  I  scattered  nerve-fibres  separated  by  amorphous  material  in  which  small 
oells  can  be  seen,  round  and  irregular,  some  distinot,  others  indistinct,  vessels 
with  thickened  walls.  B,  from  near  the  posterior  surfiuie,  shows  similar  changes 
but  with  more  open  spaces  from  which  nerve-fibres  have  perished.  (From  i 
prepared  by  Dr.  Money.) 
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oelli  ue  nmch  swollen  and  granular,  often  contain  distinct  globules, 
■trongly  refracting,  and  probably  fatty.  The  cell-processes  appear 
Bhrivelled  or  lost  (Fig.  99,  a).  In  slight  cases  the  margins  of  the 
oellfl  may  be  less  sharply  defined  than  in  health,  and  the  bodies  then 
may  contain  large  vacuoles,  sometimes  wholly  within  the  cells,  some- 
times partly  within  and  partly  outside  them  in  an  adjacent  albuminous- 
looking  substance .•  In  some  cases,  however,  especially  those  of 
disseminated  interstitial  myelitis  of  moderate  degree,  the  nerve-cells 
apf>ear  little  changed  in  hardened  and  cleared  specimens,  although  a 
granular  condition  can  usually  be  seen  in  the  recent  state. 

In  the  white  substance,  cleared  sections  show  a  great  increase  and 
alteration  in  the  interstitial  tissue.  The  change  may  be  uniformly 
distributed,  or  greatest  in  the  neighbourhood  of  the  vessels  (Fig.  l02, 
o).  The  increase  is  due  in  part  to  an  amorphous  material,  contain- 
ing nuclei  here  and  there,  some  of  which  belong  to  cells  such  as 
have  been  described  in  the  grey  substance ;  and  these  may  constitute 
extensive  tracts  between  the  spaces  where  nerve-fibres  once  existed 
(Fig.  102).  In  older  cases  the  tissue  may  have  a  fibrous  aspect  in 
places.  The  large  cells,  with  many  processes  called  "  spider  cells," 
or  ''cells  of  Deiters,"  are 
often  conspicuous  objects  i^^  V^i^":^*^ 
(Fig.  100).  The  processes  ^^ 
extend  between  the  nerve- 
fibres.  We  have  seen  that 
their  existence  in  the  normal 
cord  has  been  doubted,  but  in 
the  inflamed  cord,  in  which 
they  are  enlarged,  their  pre- 
sence is  distinct. 

The  changes  in  the  nerve- 

fibres  vary  muck  They  ^'^-  lOO-T^"^?''^*  diMeminated  nyelitU; 
Aivx^m     voajr      AuuwA.         j.unj         ^^^  ^f  ^x^^  postenor  column.    Nerve-flbret 

always  suffer  destructive  teparated  by  granular  material  and  products 
changes,  but  the  products  of  of  degeneration,  and  by  nnmerout  large 
.,    .  ^     ,  ..^  ,  gpider  cells.    Tbe  myelitis  m  this  case  was 

their      degeneration,      above         attended  by  optic  nearftis.    (Prom  a  see. 
described,  are  scarcely  to  be        tion  lent  by  Dr.  Drescbfeld.) 
seen    in   deared   specimens. 

The  slightest  change  in  the  myelin  appears  to  consist  in  an  alteration 
in  its  chemical  nature,  in  consequence  of  which  it  stains  more  readily 
than  in  health.  Fibres  are  thus  changed  adjacent  to  any  increase 
in  the  interstitial  tissue,  and  they  contrast  with  the  unstamed  healthy 
fibres  in  the  vicinity  (Fig.  101,  e).  With  or  without  this  change  in 
the  myelin,  there  is  an  irregular  swelling  of  the  axis-cylinders,  such  as 
is  seen  on  examination  in  the  fresh  state.    If  the  fibres  are  divided 

*  Tbe  signiflcaiice  of  this  vacuolation  has  been  much  disenased.  It  is  probable 
that  the  vacuoles  form  after  d(*ath,  perhaps  during  the  prooeta  of  hardening,  but 
that  they  do  not  form  nnleas  the  cells  have  been  altered  faj  diaease.  Tbsj  have 
thoa  some  pathological  significance. 
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transYersalj  ai  tha  places  whore  the  axis-cylinder  is  swoQeii*  {hb 
appears  much  larger  than  normal  (Eig.  97,  h).  Examples  of  tUs 
will  be  found  in  most  of  the  figures.  These  intense  degeneratiTa 
ehanges  cause  the  breaking  up  ci  the  mjelin«  and  may  inTolye  the 
destraction  of  the  fibre,  the  space  occupied  b^  it  being  kft  empty. 
In  othei  cases,  howerer,  the  axis-cylinder  persists  and  remains  sa^ 


Fidb  101.— Acute  transverse  myelitis,  fatal  in  three  weeks.  Cftniiliia 
preparations.  A,  section  tlirough  most  disesRed  part,  at  first  lombar 
segment.  Foci  of  infiammation  scattered  throagh  the  whole  area  of  this 
oord,  most  abundant  in  the  posterior  columns  (the  apparent  enlargement 
of  whioh  is  probably  due  to  the  direction  of  the  section).  Dilatation  of 
the  central  canaU  B,  from  the  anterior  eomn  at  A,  h,  a  distended 
vessel  I  the  tissue  crammed  with  lymphoid  and  other  oelli,  among  whioh 
ran  normal  nenre-fibres.  C,  from  the  posterior  column*  A,e.  The  areas 
staining  deeply  are  seen  to  consist  of  thickened  trabecule,  lymphoid 
cells,  amorphous  tissue^  and  also  of  nerve-fibres,  the  white  substance  of 
which  stains  with  carmine  while  that  of  the  neighbouring  healthy  fibres 
does  not* 


*  I  am  Indebted  to  Or.  Dreschfeld  for  the  section  from  which  these  drawines  are 
niadeu  The  patient  was  a  girl  aged  twenty-three;  paralysis,  motor  and  sensory, 
was  complete  at  the  end  of  two  daysf  the  application  by  her  mother  of  liot  bottles 
to  the  fbet  caused  such  extensive  sloughing  ulcers  that  amputation  of  one  leg  «raf 
deemed  neoecsary  three  weeks  after  the  onsets  and  the  patient  died  the  neit  day. 
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Taanded  by  a  narrow  zone  of  mjelin.  Often  a  large  number  of  such 
shrunken  fibres  maj  be  f onnd  in  a  part  which  at  first  right  appeared 
devoid  of  fibres.  This  shrinking  of  the  fibres  oocors  not  only  as  the 
result  of  pressure  on  them  by  the  connectiTe-tissue  elements,  but  also 
where  there  is  little  interstitial  change  and  no  compresrion. 

The  relatiTe  amount  of  change  in  the  nerre-elements  and  in  the 
interstitial  tissue  Taries  yery  much.  In  some  cases  the  interstitial 
changes  are  evidently  primary,  and  the  fibres  at  first  present  little 
change  in  slight  cases,  but  afterwards  are  altered  secondarily,  being 
narrowed,  and  even  destroyed,  as  they  are  surrounded  and  enclosed 
by  the  products  of  the  inflammation.  In  other  places,  or  eren  other 
parts  of  the  same  section,  there  is  but  little  increase  in  the  neuroglia, 
although  the  fibres  have  sufbred  extensiyely ;  empty  spaces  are  limited 
by  septa  but  little  thicker  than  normal,  although  with  more  nuclei, 
and  often  with  numerous  granules,  the  nature  of  which  is  xmcertaixL 
Occasionally  there  is  a  more  diffuse  change  in  the  white  substance ; 
the  neuroglial  tissue  is  increased  by  small  cells  and  amorphous 
material  in  such  a  manner  that  all  appearance  of  septa  and  spaces 
is  lost;  a  few  nerre-fibres  are  included  in  it,  and  the  spider  cells  are 
yery  oonspicuous  objects,  their  processes  apparently  representing  the 
septa  that  exist  in  the  normal  condition  (Fig.  100). 

The  distribution  of  these  changes  is  very  rariable.  The  whole 
thickness  of  the  cord  is  uniformly  affected  in  pressure-myditis  (see 
«<  Compression  of  the  Spinal  Oord").  In  transverse  myelitis  the 
changes  may  be  so  intense  in  aU  the  structures  at  the  affected  level 
that  the  cord  is  difAuent,  and,  as  already  stated,  only  separated  pro- 
ducts of  degeneration  and  inflammation,  and  blood-corpuscles  are  to 
be  seen.  In  slighter  cases  the  alteration  is  seldom  distributed  uni- 
formly, and  in  either  a  single  section,  or  a  series  of  sections  taken 
near  together,  each  part  may  present  variations  in  the  damage,  which 
may,  however,  be  such  that  no  part  escapes  in  all  (see  Fig.  102).  In 
meningo-myelitis  the  periphery  of  the  cord  is  always  most  affected, 
and  in  old  cases  the  thickened  pia  mater  may  send  tracts  of  dense 
tissue  into  the  interior  of  the  cord,  from  whidi  branching  processes 
of  tissue  may  pass  on  all  sides.  The  condition  is  similar  to  that  met 
with  in  chronic  myelitis.  A  similar  extension  is  often  conspicuous 
in  cases  in  which  there  is  no  special  inflammation  of  the  membranes, 
and  the  interstitial  changes  often  extend  from  the  septa  that  normally 
pass  into  the  cord  and  from  the  walls  of  the  vessels,  the  course  of 
which  may  thus  be  marked  out  when  the  vessels  cannot  be  seen. 
Hence  the  white  columns  may  be  broken  up  by  lines  of  tissue  passing 
from  the  surface  of  the  cord  towards  the  grey  substance. 

In  disseminated  myelitis  the  foci  of  inflammation  may  exist  through 
a  wide  extent  of  the  cord,  and  appear  on  the  surface  as  reddish-grey 
areas,  closely  resembling  those  of  disseminated  sclerosis,  but  less 
sharply  outlined.  Under  the  microscope,  in  the  early  stage,  smaller 
foci  stud  the  grey  and  white  substance  irregularly,  sometimes  ex- 

VOU  I.  2^ 
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tending  mto  larger  tracts.  Thej  maj  be  most  abundant  in  the  grej 
or  the  white  substance.  At  first  the  yasculiEur  changes  are  the  more 
conspicuous,  but  afterwards  the  evidence  of  destruction  of  nerve- 
elements  and  the  inflammatory  products,  exudative  and  cellular, 
described  above,  characterise  these  foci,  while  ultimatelj  a  condition 
of  irregular  focal  sclerosis  remains.  In  central  myelitis  there  is  a 
great  increase  in  the  nuclei  about  the  central  canal,  with  vascular 
dianges  in  the  commissure  adjacent,  but  there  may  also  be  evidence 
of  slight  widely  diffused  myelitis.  It  is  necessary  to  remember  that 
the  nuclei  aroimd  the  central  tissue  vary  much  in  number,  and  that 
it  is  easy  to  mistake  a  normal  for  a  diseased  condition. 

Little  is  known  of  the  morbid  appearances  in  the  parenchymatous 
forms,  ezoept  that  in  a  variety  of  anterior  polio-myelitis,  and  in 
diphtheritic  and  other  toxic  paraljses,  the  nerve-ceUs  present  granular 
changes*  and  the  interstitial  grey  substance  may  be  but  slightly 
affected. 

The  nerve-roots  coming  from  a  much  inflamed  part  aro  usually 
damaged,  and  may  present  histological  changes  similar  to  those 
within  the  cord— distension  of  vessels,  increase  of  nuclei  and  of  oon- 
nectxve  tissue  about  the  vessels,  breaking  up  of  the  myelin,  swelling  of 
the  axis-cylinders.  Degenerative  and  neuritic  changes  may  descend 
the  motor  nerves,  although  rarely  to  the  same  degree  as  in  polio- 
myelitis, except  in  the  cases  in  wldch  there  is  extensive  inflammatian 
in  the  lumbar  or  cervical  enlargement. 

From  the  foci  of  inflammation,  ascending  and  descending  degenera- 
tions pass  along  the  tracts  of  long  fibres  that  have  been  already 
described,  downwards  in  the  pyramidal  tracts,  upwards  in  the  poste- 
rior median  columns,  the  direct  cerebellar  tracts,  and  the  antero- 
lateral ascending  tract.  In  cases  of  transverse  myelitis,  moreover, 
changes  that  are  definitely  inflammatory  in  nature  may  be  traced 
m  certain  tracts  for  a  short  distance  above  or  below  the  chief  lesion; 
they  may  accompany  the  secondary  d^eneration,  or  may  be  found 
extending  along  a  tract  that  degenerates  in  the  opposite  direction. 
Thus  distinct  inflammation  may  pass,  for  a  short  distance,  up  the 

Fxe.  108.-»Aeiita  tnuuverie  myelitis)  from  a  OMS  fiital  in  a  month.  A,  B;  G^ 
Bsighbooring  MCtioni  from  the  inflamed  part.  In  the  mid-donal  region,  to  ahow 
the  rarying  distribution  of  the  inflammation.  (Stained  with  aniline  blne-blaok.) 
Diitended  reneU  are  all  surzounded  by  thick  lonee  of  clear  tiasne^  in  plncea 
divided  obliquely,  while  outside  this,  ramifying  tracts  of  darker  tissne  extend  into 
the  white  substance.  In  D,  from  the  front  of  the  posterior  column,  the  chauKes 
are  shown  more  highly  magnifled.  The  tone  around  the  ressels  is  seen  to  consist 
of  the  perivasealsr  sneath  distended  by  oelluUr  elements,  round,  oval,  fusiform, 
angular.  The  white  snbetance  is  crammed  with  eimilar  celli^  and  hardly  any 
trace  of  nenre-flbree  or  of  normal  structure  can  be  perceired.  In  E,  from  a  less 
affeeted  part  of  the  lateral  eolnmnt  stained  with  carmine,  the  alveoli  remain, 
although  the  tissue  between  them  la  thickened,  and  in  many  places  studded  with 
refiraeBng  granules  and  larger  nnold.  In  many  spaces  nerve-fibres  are  seen 
mneh  smaller  than  normal  in  oonsequenoe  of  the  wasting  of  the  white  subetanos, 
F  represents  a  similar  eondition,  with  fewer  nenre-flbne,snd  estsnslTe  Inftltratioa 
of  the  alreoli  with  hlood-oorpnsolee.  (From  sections  prepared  by  Dr.  lloaiy.  Fbc 
the  specimen  I  am  indebted  to  the  late  Dr.  Hadden.) 
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pjramidal  tracts,  so  that,  an  incli  or  two  above  the  upper  limit  of  the 
general  inflammatory  changes,  an  ascending  inflammation  of  these 
tracts  maj  be  combined  with  an  ascending  degeneration  of  the  tracts 
that  always  present  secondary  ascending  degeneration. 

If  the  patient  survives,  the  new  interstitial  tissue  slowly  undergoes 
changes  which  give  it  a  fibroid  aspect,  although  for  some  time  cell- 
forms  may  preponderate  in  it.  We  kuow  very  little  of  the  nature  of 
the  process  that  occurs  in  the  cases  which  slowly  recover,  and  sub- 
serves restoration  of  function.  The  fact  that  a  long  period  of  total 
palsy  may  be  succeeded  by  the  slow  return  of  considerable  power, 
shows  that  even  greatly  damaged  fibres  may  regain  functional 
capacity.  It  is  easy  to  conceive  that  the  fibres  which  are  only  so  far 
changed  that  the  axis-cylinders  are  swollen,  and  the  myelin  stains 
readily,  may  speedily  recover.  We  can  also  understand  that  the 
fibres  in  which  a  very  narrow  layer  of  myelin  remains  around  the 
axis-cylinder  may  also  regain  the  power  of  conducting.  We  must 
presume  that  in  these  fibres  tliere  is  no  interruption  of  the  axis- 
cylinders,  but  there  ajre  cases  in  which  we  can  scarcely  believe  that 
the  axis-cylinders  retain  their  continuity,  although  conducting  capacity 
is  ultimately  restored.  An  absolute  motor  palsy  of  twelve  months' 
duration  must  depend  on  changes  that  involve  an  absolute  inter- 
ruption of  the  fibres,  and  yet  in  such  a  case  some  return  of  power 
may  occur.  Is  this  effected  by  a  growth  of  new  fibres  such  as  occurs 
in  nerves  ?  In  the  lower  animals  such  a  growth  of  fibres  has  been 
proved  to  occur ;  in  man  it  has  not  yet  been  demonstrated,  but  it  is 
difficult  to  conceive  any  other  explanation  of  the  clinical  facts.  The 
very  interesting  appearance  presented  by  the  section  of  a  cord  shown 
in  Figs.  103,  b,  and  104  suggests  strongly  a  process  of  regeneration. 
The  cord  was  crushed  in  the  mid-dorsaJ  region  by  a  fracture  of  the 
spine,  and  motor  and  sensory  paralysis  remained  absolute,  up  to  the 
level  of  the  lesion,  till  the  patient's  death,  six  months  later.  At  the 
seventh  cervical  (Fig.  108,  ▲)  the  cord  presents  only  the  usual  as- 
cending degenerations,  but  at  the  eighth  cervical  (Fig.  103,  b)  opaque 
tracts  extend  through  the  grey  and  white  matter,  and  adjacent  to 
these  there  is  everywhere  an  extensive  destruction  of  nerve-fibret.  In 
these  tracts  within  the  lateral  columns  a  large  number  of  veiy  minute 
nerve-fibres  can  be  seen,  each  consiBting  of  a  fine  axis-cylinder  sur- 
rounded by  myelin  (Fig.  104,  o).  The  fibres  are  smaller  than  any 
met  with  in  the  normal  cord.  The  appearance  is  as  if  there  had 
been  an  irregular  ascending  myelitis,  which  had  extenderl  up  the 
cord  as  high  as  between  the  seventh  and  eighth  cervical  segments, 
and  from  the  lower  extremity  of  the  normal  fibres  there  had  oocorred 
a  growth  of  new  fibres  such  as  effects  the  regeneration  of  narfes.* 
We  seem  to  have  here  an  actual  process  of  renewal  of  fibres  that  had 
been  destroyed  by  such  inflammation  as  has  caused  the  empty  spaces 

•  Kor  these  sections  1  am  indebted  to  Or*  F,  Q.  Penrose^    Unfortaiutsly  I  have 
bsm  unable  to  obtain  any  other  teetiout  of  this  part  of  the  enrd. 
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WlOm  108.-^ Ascending  mTcli tit  from  fr.ictnr<>of  spine  eompletelj  deHrojtn^  tbe  eord 
in  tlie  inid-dorMl  regfioo.  A,  from  the  seventh  cervical^  prenente  onl^r  Mcending 
de^nemtions  in  poet.  med.  col.,  direct  cerebel.  areas,  and  ant.-lati.  ascendinf^  tract. 
B,  from  the  eighth  cervical,  presents  also  numerons  areas  of  finely  gnuinlnr  aspect 
UMier  a  low  magnifying  power*  tba  finer  stractore  of  which  is  shown  i&  Fig.  104. 


*  c 

Fio.  104. — From  the  onter  part  of  the  front  of  the  lateral  colnnin  in  B,  Fi^r.  103. 
•  is  the  antcru-lateml  ascendin)]^  tr^ct,  the  fibres  completely  defienerateti,  excf'pt 
a  few,  probably  of  other  nature  and  belonging  to  6,  a  narrow  aone,  nearly  hetilthy, 
of  the  antero-lateral  gpronnd  Hbres.  e  represents  the  onter  pHrt  of  one  of  the 
finely  ^raunlar  tracts.  Under  the  higher  magnifying  power  these  tracts  are  seen 
to  consist  of  very  minute  nerve-fibres  with  a  granular  material  bft\ve<*n  them  in 
which  few  cell-forms  can  be  dtstinguisbed.  Adjacent  to  tbe^e  trucis  there  has 
apparently  been  extensive  destruction  of  the  fibres,  large  spaces  being  occupied 
hj  prodncte  of  degeneration  and  appearing  empty  in  the  cleared  section. 

in  the  Ticinity.  If  this  is  a  correct  interpretation  of  the  appearances 
the?  constitute  proof  that,  even  in  the  human  cord,  it  is  possible  to 
have  a  new  formation  of  destroyed  fibres.     1  hat  pymmidal  fibres  may 
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be  renewed  after  they  hare  been  degenerated  in  conBeqnence  of  pres* 
Bure,  there  is  abundant  clinical  eyidence,  since  complete  paraljsis  wiUi 
an  intense  spastic  state  of  the  limbs  maj  be  recoTered  from  perfectly, 
even  though  it  has  lasted  for  many  months.  Such  an  event  is 
common  in  cases  of  pressure-myelitis  (g.  v.),  and  a  remarkable  in- 
stance will  be  mentioned  in  the  account  of  tumours  of  the  cord.  But 
in  such  cases,  although  it  is  not  likely  that  the  axis-cylinders  of  tha 
fibres  have  preserred  their  integrity,  the  neuroglial  space,  which 
represents  the  nerve-sheath,  has  probably  remamed  intact,  and  the 
re-gi*owth  of  a  fibre  within  it  is  a  far  simpler  thing  than  a  new  forma- 
tion of  fibres  in  an  area  in  which  all  the  morphological  framework 
has  perished. 

Stmptoms. — The  symptoms  of  myelitis  vary  mnch  according  to  its 
degree  and  form.  The  most  common  variety,  which  may  be  regarded 
as  the  typical  form,  is  acute  transverse  myelitis,  and  to  this  espedally 
the  following  description  appHes.  The  conspicuous  symptoms  an 
those  which  depend  on  the  interference  with  the  functions  of  the  cord* 
and  these,  in  most  cases,  are  also  the  first  indications  of  the  disease. 
They  are  sometimes  preceded,  and  more  often  accompanied,  by  general 
symptoms,  such  as  attend  inflammation  of  other  internal  organs— 
malaise,  shivering,  headaclie,  depression,  loss  of  appetite,  pyrexia,^- 
symptoms  which  may  attend  any  form  of  acute  myelitis,  or  may  be 
altogether  absent.  When  due  to  cold,  and  commencing  some  days 
after  exposure,  general  rheumatic  pains  may  occur  in  the  interval 

The  spinal  symptoms,  if  not  prominent  at  first,  quickly  become  iO. 
The  most  obtrusive  is  the  motor  weakness,  but  this  maj  be  preceded* 
for  a  few  hours  or  days,  by.  sensory  symptoms  in  the  limba — ^^  numb- 
ness," tingling,  or  burning  sensations.  Occasionally  there  are  rheu- 
matoid pains  at  the  onset,  sometimes  referred  chiefly  to  the  joints; 
Pain  may  be  felt  in  the  back  as  well  as  in  the  limbs,  but  the  verte- 
bral pain  is  seldom  prominent,  and  soon  ceases.  Occasionally  spas- 
modic twitchings  in  the  Umbs  or  painful  cramps  attend  the  onset 
In  rare  cases  there  is  a  general  convulsion.  This  is  most  frequent  in 
ohildren,  and  then  may  be  sometimes  the  expression  of  the  general 
disturbance  of  the  system.  But  convulsion  occasionally  attends  the 
onset  of  acute  myelitis  in  adults,  even  when  there  is  no  cerebral 
complication.  Three  instances  of  this  have  come  under  my  own 
observation. 

The  motor  paralysis  usually  comes  on  rafadly,  and  reaches  a  con- 
siderable degree  in  the  course  of  a  few  hours.  A  patient  after  such 
sensations  as  have  been  described,  or  without  any  warning,  finds  that 
his  legs  feel  heavy ;  after  walking  for  a  few  hours  he  is  obliged  to  sit 
down  and  rest.  When  he  tries  to  walk  again  his  legs  feel  '*  as  if  made 
of  load."  He  lies  down  for  an  hour,  and  then  finds  that  he  cannot 
stand,  and  in  a  few  hours  more  is  unable  to  raise  his  legs,  although 
perhaps  he  can  stiU  move  the  feet  or  toes ;  next  day  even  this  power 
may  be  lost.    Occasionally  the  mode  of  onset  is  still  more  rapid,  and 
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occupies  only  a  few  minutes.  The  legs  are  found  suddenly  to  be 
heavj  and  tingling,  the  sufferer  sits  down  on  a  chair  for  a  quarter  of 
an  hour,  and  then  finds  that  he  cannot  stand.  Such  rapid  onset 
resembles  that  of  spinal  hsemorrhage,  and  it  is  probable  that  in  most 
of  these  cases  there  is  hsemorrhage  in  addition  to  inflammation — 
*<  hsemorrhagic  myelitis."  Such  cases  are,  however,  sufficiently  rare 
not  to  interfere  with  the  diagnostic  rule  that  a  sudden  onset  means  a 
yascular  lesion,*  and  that  the  characteristic  onset  of  myelitis  is  rapid 
bat  not  sudden.  Now  and  then  the  onset  is  in  the  night,  during 
sleep;  a  patient  goes  to  bed  well,  and  wakes  up  in  the  morning  with 
complete  paraplegia.  On  the  other  hand*  the  onset  of  the  paralysis 
may  occupy  several  days,  or  even  a  week;  when  longer  than  this, 
from  ten  to  forty  days,  the  myelitis  is  to  be  regarded  as  subacute. 
Occasionally  the  onset  is  by  a  series  of  sudden  attacks  of  weakness  at 
intervals  of  a  few  hours  or  days,  or  even  weeks.  In  the  latter  case 
there  may  be  some  recovery  from  one  attack  before  the  next  comes  on. 
Frequently  there  is  gradu^  partial  loss  of  power  for  a  few  days,  and 
then  complete  paralysis  comes  on  rapidly;  the  first  symptoms  may 
be  slight,  and  their  nature  only  recognised  when  the  disease  has 
developed. 

When  the  paralysis  has  reached  its  height,  and  has  ceased  to 
increase,  it  is  usually  complete ;  sometimes  it  is  incomplete,  the  limbs 
can  be  moved,  but  with  little  power,  or  the  patient  may  be  able  to 
oontract  certain  muscles,  but  not  to  move  the  parts  to  which  they  are 
attached,  perhaps  only  to  move  the  toes.  The  distribution  of  the 
paralysis  depends  on  ^e  position  and  extent  of  the  disease.  In  the 
majority  of  cases,  the  legs  and  lower  part  of  the  trunk  only  are 
affected,  because  the  dorsal  region  of  the  cord  is  the  most  frequent 
seat  of  myelitis.  If  it  is  incomplete  in  the  legs,  the  flexor  muscles 
QBoally  suffer  more  than  the  extensors,  although  this  may  not  be  appa- 
rent as  the  patient  lies  in  bed,  because  the  leverage  at  the  knee  renders 
necessaiy  considerable  power  to  extend  the  joint  against  gravitation. 
When  the  disease  is  in  the  cervical  region  the  arms  as  well  as  the  legs 
are  involved,  and  the  arms  are  sometimes  paralysed  before  the  legs. 
If  the  lesion  is  extensive  in  the  cervical  region,  the  damage  to  the  grey 
matter  and  root-fibres  causes  atrophic  palsy  in  the  arms,  while  the 
l^s  are  the  seat  of  simple  and  ultimately  spastic  paralysis.  In  such 
cases  the  intercostals  are  paralysed,  and  breathing  is  carried  on  by 
the  diaphragm.  Myelitis  above  this  level,  if  complete,  abolishes  all 
respiratory  power,  and  necessarily  causes  death  with  great  rapidity ; 
but  occasionally,  in  partial  inflammation,  the  diaphragm  may  escape, 
or  the  intercostals  retain  some  power  and  life  be  preserved.  In  such 
rare  cases  the  arms  as  well  as  the  legs  may  be  the  seat  of  simple 
palsy,  and  the  neck  muscles  may  become  atrophied.  This  was  seen 
in  one  patient,  in  whom  the  stemo-mastoids  and  the  upper  part  of 

*  Indeed,  it  i«  possible  thnt  these  cases  constitate  do  eioeption  to  the  rule,  the 
Bje^Ue  being  set  up  by  vascular  obstruction. 
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each  trapezius  were  wasted,  whSe  the  arms  as  wdl  as  the  legk 
presented  an  increase  of  mjotatic  irritabilitj.  In  such  cases  dis- 
seminated inflammation  may  spread  into  the  medulla,  the  pharynx 
and  the  tongue  msLj  be  affected,  Yomiting  maj  occur,  and  the  heart's 
action  be  interfered  with.  The  range  of  motor  symptoms,  when  the 
disease  is  at  different  heights,  is  indicated  in  the  table  of  functions 
(p.  Z52). 

Sensation  is  frequently  impaired  as  well  as  motion.  At  the  onset, 
indeed,  it  is  inyolyed  in  some  degree  in  all  cases  of  general  transyerse 
myelitis.  In  seyere  cases  it  is  absolutely  lost  up  to  the  leyel  of  the 
lesion.  The  upper  limit  of  loss  is  often  oblique,  being  higher  in  front 
than  behind.  In  slighter  cases  the  loss  may  be  partial,  and  only 
certain  forms  of  sensation  may  be  impaired,  either  in  consequence  of 
the  position  of  the  disease,  when  touch  or  pain  may  be  lost  alone,  or 
of  its  slight  degree,  when  touch  is  generally  impaired  and  painful 
sensibility  preseryed.  Occasionally  there  is  general  hypersesthesia  in 
the  limbs  at  the  onset.  At  the  leyel  of  the  lesion  there  is  usually  a 
sone  of  hypersesthesia,  corresponding  to  the  distribution  of  the  nenres 
that  pass  through  the  upper  part  of  the  affected  r^on,  t. «.  through 
the  lowest,  merely  irritated,  portion  of  the  cord  aboye  the  disease. 
The  hypersBsthesia  may  readily  be  detected  by  passing  a  hot  sponge 
down  the  spine ;  the  sense  of  warmth  changes,  at  the  hypenesthetio 
zone,  into  one  of  pain.  Corresponding  to  this  zone  of  hypersBsthesia 
there  is  often  a  sense  of  painful  constriction,  a  "girdle  pain,"  which 
may  persist  for  a  long  time,  eyen  after  the  loss  of  sensibility  below 
the  lesion  has  passed  away.  Occasionally  it  only  comes  on  some  time 
after  the  onset,  probably  from  cicatricial  compression  and  irritation  of 
the  root-fibres.  Its  position  yaries  with  that  of  the  disease.  It  is 
most  commonly  felt  between  the  umbilicus  and  ensiform  cartilage^ 
sometimes  around  the  lower  part  of  the  abdomen,  about  the  anus,  or 
in  the  legs.  It  is  of  much  practical  importance  because  it  is  evidence 
of  the  existence  of  organic  disease,  and  also  of  the  upper  limit  of  the 
lesion.  It  is  sometimes  a  yery  early  symptom.  Any  initial  pain  in 
the  limbs  usually  ceases  when  sensation  becomes  abolished.  When 
pain  persists  in  the  legs,  it  is  often  less  when  these  are  flexed. 

The  state  of  reflex  action  yaries,  and  depends  on  the  position  of  the 
disease,  in  accordance  with  the  laws  already  stated  (p.  262).  An 
acute  lesion  in  any  part  of  the  cord  may  cause  an  initial  inhibitoiy 
loss  of  reflox  action  in  the  parts  below ;  but  if  the  lesion  is  aboye  the 
lumbar  enlarj  Mnent,  reflex  action  returns  in  the  course  of  a  few 
hours.  Frequently  there  is  no  initial  depression.  Subsequently  the 
reflex  action  becomes  exccssiye,  that  from  the  skin  rapidly,  that  from 
the  muscles  more  slowly.  Ultimately  each  attains  a  high  degree  of 
exaltation.  If  the  disease  inyoWes  the  lumbar  enlargement  all  forms 
of  reflex  action  are  lost.*  When  in  the  ceryical  region  it  may  be  lost 
in  the  arms,  oxcossive  in  the  legs.      In  dorsal  myelitis  the  trunk- 

•  See,  however,  the  facts  stated  on  p.  264. 
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reflexes  are  often  impaired,  and  may  give  important  information  as  to 
the  seat  of  the  disease.  The  abdominal  reflexes  should  be  examined 
at  TarioQs  lerels,  and  the  greater  impairment  of  these  on  one  side 
than  on  the  other  may  reveal  clearly  the  unequal  distribution  of  the 
lesion  and  its  vertical  extent. 

The  muscles  of  the  legs  are  sometimes  at  first  flabby  and  toneless 
during  the  stage  of  initial  depression  of  reflex  action,  doubtless  from 
the  same  influence.  This  condition  soon  passes  off  if  the  lesion  is 
above  the  lumbar  enlargement,  and  as  reflex  action  returns  the 
muscles  regain  their  tone.  If,  however,  the  myelitis  involves  the 
lumbar  enlargement  in  considerable  degree,  the  muscles  of  the  legs 
remain  flacdd,  and  lose  all  influence  on  die  posture  of  the  limbs. 
The  feet  fall  into  an  extended  position,  so  that  the  instep  is  in  a  line 
with  the  tibia  (Fig.  105).    The  muscles  also  waste  rapidly,  and  often 


FX0«  105. — Postore  of  feet  In  myeliUe  of  Inmbar  enlargement  with  fipld 
W4»tiiig  of  iniisclet. 

prosent  the  reaction  of  d^eneration.  The  wasting  in  these  cases  is 
often  extreme.  In  many  cases  of  myelitis  above  the  lumbar  enlarge- 
ment  there  is  a  slighter  and  slower  wasting  of  the  muscles,  without 
loss  of  reflex  action,  and  generally  with  excess  of  the  muscle-reflexes ; 
the  ultimate  amoimt  of  wasting  may  be  considerable,  but  it  is  never 
so  great  as  when  the  lumbar  grey  matter  is  diseased.  There  is  never 
the  reaction  of  degeneration,  but  only  a  slight  change  in  irritability, 
similar  to  each  current ;  flrst-  an  increase,  which  after  some  weeks  or 
months  gives  place  to  a  slight  diminution. 

The  sphincters  are  usually  affected  from  the  first,  except  in  very 
slight  cases,  and  they  often  afford  the  earliest  indication  of  the  com- 
mencing lesion.  There  is  usually  first  retention  of  urine,  which  not 
rarely  exists  for  several  hours,  or  even  for  a  day  or  two,  before  other 
symptoms  are  added  to  it.  There  is  afterwards  incontinence,  over- 
flow or  reflex  (see  p.  247),  when  the  disease  is  above  the  lumbar 
region;  if  the  lumbar  centre  is  diseased  there  is  persistent  incon- 
tinence from  the  first  without  retention.  In  the  former  case  there  is 
involuntary  action,  in  the  latter  inaction,  of  the  sphincter  ani,  and  in 
both  cases  incontinence  of  fseces.  This  may  be  inconspicuous  in  the 
early  period,  on  account  of  constipation,  due  to  intestinal  paralysfs. 
In  cases  of  partial  myelitis,  as  of  the  anterior  cornua,  the  sphincters 
axe  often  unaffected.    The  luine  is  frequently  alkaline  in  reaction^ 
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and  the  cliange  sometimes  comes  on  so  rapidlj  that  it  is  evideatlj 
the  restdt  of  an  alteration  in  the  secretion.  In  all  cases  of  retention* 
decomposition  in  the  bladder  increases  the  alkalinity.  Cystitis  often 
follows,  so  that  the  urine  contains  pus. 

The  t/emperature  of  the  paralysed  limbs  is  usually  at  first  raised  one 
or  two  degrees  aboye  that  of  the  mouth,  but  it  afterwards  fallB»  and 
remains  a  degree  or  so  lower  than  that  elsewhere.  The  skin  is  often 
dry,  sometimes  covered  with  sweat.  Its  nutrition  often  sufEers,  and 
bedsores  result.  In  some  cases  they  are  due  to  long-continued  pres- 
sure and  neglect,  but  they  may  occur  early  and  intensely  when  the 
disease  affects  the  lumbar  enlargement  or  irritation  extends  down  to 
it  from  aboTe.  The  least  pressure  on  the  skin  may  then  cauBe  a 
bulla  containing  sanious  liquid,  and  sloughing  occurs  with  readiness, 
especially  over  the  sacrum.  Now  and  then  there  is  effusion  into  the 
knee-joints.  Occasionally  the  tendency  to  sloughing  of  the  skin  is  so 
intense  that  the  lesions  appear  to  be  spontaneous. 

Such  trophic  disturbances  sometimes  occur  in  the  cellular  tissue  of 
the  lower  part  of  the  body,  especially  in  the  neighbourhood  of  the 
bladder  and  rectum.  A  remarkable  example  of  such  disturbance 
was  presented  by  the  case  from  which  Figs.  98  and  99  are  taken. 
Symptoms  of  subacute  myelitis  were  followed  by  those  of  ceUulitis  in 
the  lower  part  of  the  abdomen,  on  account  of  which  the  patient  was 
admitted  into  XJniyersity  College  Hospital  tmder  the  care  of  my  col- 
league, Mr.  Marcus  Beck.  Subcutaneous  emphysema  developed  about 
the  groins,  and  suppuration  occurred  near  the  rectum.  In  conse- 
quence of  this  inflammation  the  patient  died,  the  cord  symptoms 
having  slowly  increased ;  after  death  no  lesion  of  the  intestine  or  local 
cause  of  the  cellulitis  could  be  discovered.  It  is  probable  that  the 
derangement  of  the  trophic  influence  of  the  cord  facilitates  the  occur- 
rence of  cystitis  from  retention  of  urine,  and  intensifies  its  effect  on 
the  kidneys.  Ulceration  of  the  bladder,  whidi  sometimes  occurs  with 
remarkable  rapidity,  may  be  thus  produced,  or  a  small  abscess  may 
form  in  the  wall  of  the  bladder,  and  thus  an  opening  may  be  formed 
into  the  peritoneal  cavity,  and  fatal  peritonitis  may  be  induced.  A 
vesico-vaginal  fistula  may  be  developed  in  the  same  way.  TTloeration 
of  the  urethra,  and  consequent  extravasation  of  urine,  have  been 
observed  under  similar  conditions.*  In  another  case  the  inflamma- 
tion of  the  bladder  was  intense,  and  suppurative  cellulitis  occurred 
outside  the  organ  and  set  up  a  fatal  peritonitis ;  the  kidneys  were  the 
seat  of  vei7  acute  suppurative  inflammation-f  These  effects  of  cystitis 
may  probably  always  be  prevented. 

When  the  disease  is  iu  the  cervical  region  the  pupil  nuij  be  affected. 
In  rare  cases  of  myelitis,  optic  neuritis  has  been  observed*  without 
any  intra-craniaJ  complication  to  cause  it.]!    It  is  probably  not  the 

•  S.  West,  'St.  Barth.  Hosp.  Rep./  vol.  x. 

t  Sharkey  and  Lawford,  *  Tnins.  Ophth.  Soc,'  1888. 

{  OpUo  n«aritit  was  present  iu  the  case  of  disseminntd  myelitis  onder  the  ears 
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resolt  of  the  inflammatioii  of  the  spinal  oord,  but  it  aa  associated  and 
similar  lesion,  the  result  of  the  cause  of  the  myelitis,  which,  in  such 
cases,  is  probably  a  blood-state.  It  is  noteworthy  that  most  of  the 
cases  thus  accompanied  have  been  instances  of  disseminated  myelitis, 
a  form  that  suggests  a  cause  acting  widely  on  the  nenrous  system. 
In  one  case  *  the  optic  neuritis  reached  its  height  some  weeks  before 
the  occurrence  of  the  first  spinal  symptoms,  and  in  the  cord  were  two 
separate  and  distant  foci  of  inflammation;  in  another  the  neuritis 
was  found  a  fortnight  before  the  onset  of  disseminated  myelitis.f 

In  cases  of  rapid  deyelopment  the  degree  attained  by  the  symptoms 
at  their  o{iset  may  not  be  exceeded.  In  some  cases  a  slower  increase 
or  extension  ensues  in  the  course  of  a  few  days.  The  myelitis,  begin- 
ning below,  may  ascend  the  cord,  and  the  arms  and  respiratory 
muscles  may  gradually  become  iuYolyed.  The  upward  extension  may 
be  steadily  progressive,  or  it  may  occur  in  successiTe  separate  attacks. 
In  the  latter  case,  it  seldom  extends  above  the  dorsal  region.  Or 
inflammation,  beginning  in  the  dorsal  region,  may  slowly  descend  into 
the  lumbar  enlargement.  The  extension  may  be  by  the  grey  matter, 
especially  of  the  anterior  comua,  or  by  the  posterior  region.  Li  each 
case  the  extension  downwards  is  indicated  by  loss  of  the  reflex  action 
present  in  the  earlier  stage :  in  the  one  there  is  rapid  muscular  wasting 
with  loss  of  f  aradic  irritability ;  in  the  other  the  muscles  retain  their 
nutrition  and  irritability,  but  sensation,  if  before  present,  becomes 
lost. 

The  constitutional  symptoms,  which  haye  been  mentioned  as  attend- 
ing  the  onset,  vaiy  greatly  in  their  severity  and  course.  They  are,  at 
a  rule,  less  in  the  simple  transverse  myelitis  than  in  the  disseminated 
form.  In  most  cases  they  reach  their  height  on  the  second  or  third 
day  after  the  onset  of  severe  symptoms.  Thus  in  one  case  the  tempe- 
rature was  normal  on  the  first  day  of  indisposition,  when  the  patient 
complained  only  of  slight  headache  and  slight  numbness  of  the  l^;a. 
During  the  next  three  days  these  gradually  became  completely  pazft- 
lysed,  and  the  temf  erature  was  successively  102^  108^  and  lOi-S^, 
and  then  gradually  fell  to  normal  at  the  end  of  a  week.  In  another 
case,  in  which  the  toxemic  state  was  part  of  that  of  measles,  the  tem- 
perature rose  from  100°  to  103-8®  on  the  first  day  of  the  symptoms  of 
myelitis,  and  on  the  next  day  to  104*2°,  but  fell  (partly  from  anti- 
pyrin)  on  the  third  day,  on  which  death  occurred,  to  100-2°.t  In  less 
iicute  cases,  in  which  foci  of  inflammation  develop  progressively  with 
spreading  palsy,  during  one  or  two  weeks,  moderate  irregular  pyrexia, 
99°  to  101°,  may  go  on  as  long  as  the  disease  is  increasing,  and  may  be 
renewed  at  any  subsequent  relapse.    The  temperature  is  also  raised 

of  Dr.  Drench  (eld  from  which  Fig.  100  U  taken,  and  alto  in  that  of  Sliarkaj  and 
Lawford  just  uienUoned.    See  *  Medical  Ophthalmoeoopy/  8xd  cd.»  p.  1801 

*  Sharkey  and  Lawfnrd,  op.  cit. 

t  Achard  itnd  Quinon,  *  Arch,  de  M^d.  ezpV  18891 

}  Barlow, 'Hea..Chir.  Trans.,'  1887,  p.  78. 
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bj  any  oomplica^ionB,  and  espeoially  by  cjstitis.  On  tbe  otber  band, 
in  simple  caaes,  with  a  single  focos  of  inflammation,  the  initial  elera- 
tion  may  be  trifling,  and  after  the  first  daf  or  two  the  temperature 
remains  normal. 

If  the  patient  siuTiyes,  the  course  of  the  symptoms  varies  according 
to  the  intensity  of  the  lesion.  The  paralysis,  motor  and  sensory,  may 
remain  complete.  More  frequently  sensation  is  recorered  after  a  few 
weeks  or  months,  while  motor  power  continues  absent  for  a  much 
longer  period.  The  excessive  reflex  action  may  lead  to  the  gradual 
development  of  spasm  in  the  legs.  This  is  especially  related  to  the 
increase  of  the  muscle-reflex  action  which  follows  the  secondary  de- 
scending degeneration  of  the  pyraQiidal  fibres.  Ultimately  the  condi- 
tion is  that  termed  ''spastic  paraplegia/Vand  described  in  detail  in 
another  section.  The  occurrence  of  this  spasm  is  not  incompatible 
with  the  recovery  of  some  voluntary  power.  The  muscles  in  these  oases 
are  often  well  nourished,  and  may  even  increase  in  size ;  the  spasm 
constitutes  a  powerful  stimulus  to  their  growth.  Spasm  may,  however, 
co-exist  with  the  slow  moderate  wasting  described  above  (p.  265),  but 
IB  rarely  intense  in  these  cases. 

In  some  cases,  flexor  spasm,  after  a  time,  takes  the  place  of  the 
extensor  spasm,  at  first  in  transient  attacks  but  at  last  permanently, 
and  becomes  fixed  by  contracture  and  shortening  of  the  flexor 
muscles.  It  may  be  so  great  that  the  knees  are  against  the  abdo- 
men and  the  heels  against  the  nates.  This  substitution  of  flexor  for 
extensor  spasm  occurs  chiefly  in  cases  in  which  the  paralysis  is 
absolute,  and  the  organic  disease  of  the  cord  so  considerable  and  of 
fluch  duration  as  to  make  recovery  impossible.  It  is  therefore  a  veiy 
grave  sign. 

Death  may  occur  early  in  the  disease  from  respiratory  paralysis,  or 
from  the  extension  of  disseminated  myelitis  into  the  medulla  oblon- 
gata; subsequently  it  may  be  due  to  various  effects  of  the  trophic 
disturbance,  acute  or  chronic,  and  to  blood-states  induced  by  bed- 
sores or  by  kidney  disease  resulting  from  cystitis,  &o.|  mechanisms 
that  have  been  already  mentioned  in  the  account  of  the  symptoms. 
Improvement,  when  it  occurs,  is  usually  slow,  but  continues  for  a 
long  time,  and  recovery  may  be  complete  in  cases  of  moderate 
severity.  When  there  is  much  damage  to  the  cord,  however, 
recovery  is  often  imperfect,  and  some  weakness  remains,  accom- 
panied either  by  spasm  or  by  wasting.  It  is  rarely  that  no  improvement 
occurs ;  occasionally,  however,  the  palsy  remains  absolute,  although 
life  is  prolonged  for  years.  In  some  cases  improvement  occurs,  slight 
or  considerable,  and  is  followed  by  a  relapse,  which  leaves  the  patient 
worse  than  the  first  attack ;  and  this  may  occur  again  and  again,  each 
relapse  being  the  expression  of  a  fresh  extension  of  the  inflammation 
in  the  cord.  This  relapsing  course  is  met  with  especially  in  the 
disseminated  form,  and  in  the  subjects  of  gout,  either  acquired  or 
inherited.     Other  cases,  again,  present  what  may  be  termed  a  re^ 
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eurrent  coarse,  improyement,  and  perliaps  a  considerable  degree  of 
rtsooTery,  continuijig  for  months,  when  a  fresh  attack  occurs.  On 
the  other  hand,  in  many  cases,  especiallj  of  simple  transverse 
m  jelitis,  when  improvement  is  established  it  goes  on,  and  there  is  no 
tmdency  to  recurrence. 

VarieiieM, — The  different  pathological  forms  of  myelitis  are  attended 
bj  some  differences  in  the  symptoms.  Those  of  transverse  myelitis 
have  been  described  as  the  most  common  and  typical  manifestations 
of  the  disease.  Foeal  myelitis,  in  which  there  is  a  single  spot  of 
inflammation,  not  extending  across  the  cord,  may  occur  in  various  parts 
of  the  cord ;  but,  on  account  of  the  slight  degree  of  severity  of  the 
symptoms,  little  is  known  of  them  except  when  the  focus  of  inflam- 
mation is  of  some  size  or  is  situated  in  one  anterior  comu  (as  a 
variety  of  polio-myelitis),  because  such  cases  are  rarely  fatal.  It  is, 
however,  probable  that  this  variety  is  not  uncommon.  Cases  are 
occasionally  met  with  in  which  symptoms  of  very  limited  range  come 
on  acutely,  and  may  reasonably  be  ascribed  to  such  a  lesion.  They 
may  be  one-sided*  and  various  in  character,  often  being  limited  to  a 
single  limb. 

A  much  more  frequent  focal  form  is  disseminated  myelitis,  in  which 
there  are  several  f ooi  of  inflammation  in  the  same  or  different  parts 
of  the  cord.  The  onset  of  this  form  is  often  subacute,  and  constitu- 
tional symptoms  are  frequently  absent.  The  most  important  special 
symptoms  are  those  which  indicate  interference  with  the  central  func- 
tions of  the  cord  in  more  than  one  locality,  but  the  combinations 
produced  are  very  variable.  In  many  cases  the  several  foci  of  in- 
flammation develop  successively,  not  simultaneously,  and  then  we  have 
a  corresponding  succession  of  symptoms.  Thus  a  myelitis  in  the 
cervical  region,  causing  atrophy  of  some  groups  of  muscles  in  one  arm 
and  paralysis  of  the  corresponding  leg,  may  be  followed  by  paralysis 
of  the  other  leg  with  such  loss  of  reflex  action  in  it  as  shows  a 
separate  focus  of  inflammation  in  the  lumbar  enlargement,  and  this 
again  by  the  development  of  a  girdle  pain  corresponding  to  the 
middle  of  the  dorsal  region,  from  a  fresh  area  of  inflammation  in 
that  situation.  When  numerous  foci  of  myelitis  occur  in  the  dorsal 
region,  as  is  not  imcommon  in  syphilitic  cases  and  after  injury,  the 
symptoms  may  closely  resemble  those  of  a  transverse  myelitis,  because 
by  one  or  another  of  these  foci  each  of  the  elements  of  the  cord  is 
interrupted.  The  only  distinction  may  be  the  extensive  impairment 
of  the  trunk-reflexes,  or  the  detection  of  loss  of  irritability  in  the 
corresponding  muscles.  Closely  allied  to  disseminated  myelitis  is 
the  condition  known  as  disseminated  encephalomyelitis,  described  by 
Leydeo  over  twenty  years  ago  under  the  name  of  acute  ataxy.  It  is 
characterised  by  the  presence  of  small  foci  of  change  in  the  cord,  pons, 
and  cerebrum.  In  some  cases  such  foci  have  only  been  found  in  the 
cord.  The  symptoms  are  those  of  interference  with  the  functions  of 
the  parts  in  which  the  foci  are  formed,  e.g.  defects  of  speech  and 
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articiilation,  tremor  and  ataxy  in  the  legs  and  arms,  tremor  of  the 
head,  and  exaggerated  reflexes  associated  with  a  spastic  gait.  The 
<K>nditi0n  seems  to  be  frequently  dependent  upon  some  antecedent 
infectious  disease  or  other  toxio  blood-state,  e.g.  inhalation  of  a 
poisonous  gas.  It  is  more  frequent  in  children,  is  yariable  in  its 
course,  sometimes  followed  bj  complete  and  fairly  rapid  recoTaiy,  in 
other  cases  running  a  more  chronic  course  with  alternating  relapse 
and  recoTery.  Sometimes  it  leads  to  permanent  disablement  or  im- 
pairment of  motor  functions.  The  sphincters  may  escape,  and  the 
mental  condition  is  not  as  a  rule  impaired,  except  perhaps  at  the  onset, 
which  may  be  characterised  by  unconsciousness  and  delirium.  Ac- 
cording to  some  observers,  the  condition  may  merge  into  one  not  dis- 
tinguishable from  disseminated  sclerosis.  Leyden,  however,  asserted 
that  disseminated  encephalomyelitis  has  no  tendency  to  extend. 

In  the  rare  form  of  diffuse  central  myelili$  there  is  usually  rapid 
loss  of  power,  of  sensation,  and  of  reflex  action,  considerable  elevation 
of  temperature,  speedy  trophic  disturbance,  and  often  death  at  the 
end  of  two  or  three  days.  Earely  sensation  and  reflex  action  have 
been  lowered  and  not  lost.  On  the  other  hand,  the  loss  of  sensation 
is  said  to  be  sometimes  absolute,  when  motor  palsy  is  incomplete. 
The  symptoms  have  begun  in  arms  and  legs  simultaneously,  or  in 
eitiier  of  these,  and  have  accordingly  spread  upwards  or  downwards. 
Practically  nothing  is  yet  known  of  any  slight  non-fatal  forms  of  this 
variety.  Hamorrhagic  myeliHa  is  scarcely  a  speoial  form,  since  any 
acute  inflammation  of  the  cord  may  be  attended  by  a  sudden  extrava- 
sation of  blood.  Its  manifestation  is  the  sudden  onset  of  severs 
symptoms  after  slighter  disturbance,  such  as  indicates  a  commencing 
myelitis. 

Fa/renchymaiau8  myelUiB  is  known  only  in  a  few  forms,  and  we  have 
much  yet  to  learn  r^arding  it.  In  diphtheritic  paralysis  there  is  an 
acute  degenerative  change  in  the  nerve-elements,  especially  in  the 
nerve-cells,  which  must  be  regarded  as  essentially  a  lesion  of  this 
form.  In  some  cases  of  polio-myelitis  the  motor  nerve-ceils  so&r 
primarily,  and  the  interstitial  tissue  is  not  affected  except  in  the 
severer  cases  of  this  form.  In  all  inflammations,  whether  parenchy- 
matous or  interstitial  in  nature,  all  the  tissues  of  an  organ  tend  to 
be  involved  if  the  process  is  acute.  Other  symptoms  that  are  of  im- 
portance, as  suggesting  this  variety,  are  those  of  acute  ataxy,  clearly 
dependent  on  an  affection  of  the  cord  occasionally  met  with.  Thus 
a  married  woman,  who  was  certainly  the  subject  of  syphilis,  and 
had  presented  secondary  symptoms  a  year  previously,  found  one 
day  that  she  could  not  walk  so  well  as  usual,  and  the  next  morning 
could  not  stand,  on  account  of  extreme  inoo-ordination  in  the  legs. 
When  she  tried  to  use  them,  the  resemblance  to  the  extreme  degree 
of  locomotor  ataxy  was  perfect.  The  knee-jerk  was  normal  on  the 
right  side,  almost  lost  on  the  left  The  left  leg  was  thought  to  be  a 
littie  weak,  but  in  a  day  or  two  its  power  was  good.    For  the  first 
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few  dajs  there  mm  great  hjpersBBtliesia  of  the  lowex  part  of  the 
tnmk  and  legs,  but  at  the  end  of  a  week  this  was  reduced  to  a  band 
at  the  lerel  of  the  lower  half  of  the  abdomen,  where  eyen  a  touch 
occasioned  pain ;  subsequently  a  girdle  pain  developed  in  this  region. 
Her  condition  lasted  unchanged  for  two  months,  and  then,  iodide  and 
belladonna  being  given,  slowly  improved ;  but  it  was  not  until  four 
months  after  the  onset  that  she  could  walk  a  little,  and  then  only  in 
a  highly  ataxic  manner.    Her  recovery  was  ultimately  perfect. 

In  another  group  of  cases,  of  which  I  have  seen  several  instances, 
incoordination  comes  on  acutely  in  one  arm,  and  may  be  accompanied 
by  complete  muscular  anaesthesia,  so  that  the  power  of  estimating 
weights  is  absolutely  lost,  a  poker  and  feather  seeming  alike,  although 
cutaneous  sensibili^  is  perfect.  The  condition  has  reached  its  height 
in  the  course  of  a  few  hours,  remained  complete  for  weeks,  and  slowly 
passed  away,  in  the  cases  I  have  seen.  The  precise  nature  is  uncertain, 
but  provisionally  it  seems  best  to  class  them  together  as  cases  of  acute 
myelitic  ataxy.*  Their  dependence  on  an  organic  spinal  lesion  seems 
certain,  and  the  onset  of  this  is  iQcompatible  with  any  other  than  an 
inflammatoiy  process.  It  is  possible  that  some  of  these  cases  are  due 
to  a  focus  of  ordinaiy  inflammation,  so  situated  as  to  affect  structures 
of  a  common  function,  while  others  may  be  parenchymatous. 

Pathology. — ^Very  little  is  known  of  the  pathology  of  acute 
myelitis, — that  is,  of  the  actual  mechanism  by  which  it  is  produced, 
of  the  nature  of  the  causes  to  which  it  is  due,  and  of  the  relation  of 
the  morbid  process  to  its  causes.  The  spinal  cord  differs  from  most 
organs  in  its  great  liability  to  primary  inflammation,  in  which  it 
presents  a  remarkable  contrast  to  the  brain.  The  liability  is  not 
equally  distributed  in  the  cord,  but  is  least  in  the  parts  nearer  the 
brain,  less  in  the  cervical  than  the  lumbar  enlargement,  and  less  in 
these  than  in  the  dorsal  region,  so  far  as  the  most  common  f onn  is 
concerned.  The  special  liability  of  the  dorsal  region  to  transverse 
myelitis  may  be  associated  with  the  readiness  with  which  this  part 
undergoes  post-mortem  softening,  but  we  are  ignorant  of  the  condi- 
tions by  which  this  liability  is  determined.  The  disseminated  form 
has  less  tendency  to  be  localised  in  any  special  part.  A  question 
of  considerable  iaterest  is  whether  acute  inflammation  of  the  cord 
always  begins  as  such,  or  whether,  in  any  case  or  form,  it  is  set  up 
by  vascular  obstruction,  such  as  thrombosis  in  a  minute  vessel.  It 
is  conceivable  that  such  an  initial  lesion  may  ultimately  disappear 
in  the  intense  inflammation  it  excites.f  Myelitis  may  be  readily 
produced  by  the  arrest  of  the  blood-supply  even  for  a  short  time,  as 
numerous  experimenters  have  shown,  but  their  researches  throw  little 
light  on  the  disease  as  it  occurs  in  man ;  the  effect  is  to  produce  first 

^  For  a  typiotl  case  apparently  of  this  character  loe  Campbell  Thomson, 
« Lancet.'  1897,  vol.  ii,  p.  1586. 

t  WilliamiOD  (•  Lancet,'  1804)  has  shown  that  myelitis  Is  sometimet  the  nsoll 
•I  obetructloa  oeenrring  in  vesiela  with  syphilitic  endarteritis. 
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necrotic  breaking  np  of  the  nenre-elements,  and  long  after  tfaii  the 
yascular  lesions  of  ordinary  interstitial  mjelitis.  The  processes  are 
essentiallj  different.  But  the  experiments  show  that  the  lumbar 
enlargement  is  thus  damaged  with  special  readiness,  and  this  suggests 
that  the  procliyitj  to  disease  of  this  part  is  due  to  its  inherent  sus- 
ceptibility. 

At  present  the  questions  of  chief  interest  are  the  extent  to  which 
the  disease  is  due  to  a  morbid  blood-state,  the  probable  nature  of  such 
a  cause,  and  the  mechanism  by  which  it  acts.  The  chief  facts  that 
throw  light  on  the  subject  have  been  mentioned  already,  the  most 
imporUnt  being  the  occurrence  of  myelitis  in  the  acute  specific 
diseases  (in  whicb  we  must  ascribe  it  to  the  organised  virus  of  the 
primary  malady  itself,  to  some  secondary  but  associated  organised 
virus,  as  the  staphylococci  found  in  Marinesco's  case  of  myelitis  occur- 
ring after  smallpox,  or  to  some  chemical  toxin,  the  product  of 
organisms),  and  the  evidence  of  an  influence  acting  throughout  the 
system,  afforded  by  the  wide  extent  of  the  disseminated  form  and  its 
occasional  association  with  disease  elsewhere,  sucb  as  optic  neuritis. 
It  is  to  this  form  that  our  knowledge  chiefly  relates.  Of  the  patho- 
logy of  simple  transverse  myelitis  we  have  only  the  fact  that  it 
often  follows  cold,  which  brings  it  into  closer  analogy  with  the  simple 
inflammations  of  other  organs. 

The  knowledge  that  has  been  gained  of  the  influence  of  toxic  blood- 
states  on  the  peripheral  nerves  gives  vm  the  help  of  analogy  in  oon- 
ceiving  that  myelitis  may  often  have  the  same  origin.  But  a  difference 
exists  in  the  fact  that  the  multiple  neuritis  so  produced  is  commonly 
parenchymatous,  while  the  myelitis  is  conspicuously  interstitial.  Of 
the  pathology  of  parenchymatous  myelitis  we  know  almost  nothing. 
The  question  of  causation  will  be  again  aJluded  to  in  considering  the 
special  inflammation  of  the  grey  matter. 

The  chief  relation  of  the  symptoms  to  the  lesion  has  been  con- 
sidered iu  the  general  account  of  the  symptoms  of  spinal  cord  disease^ 
and  those  relating  to  the  destructive  and  regenerating  processes  have 
been  mentioned  in  the  section  on  pathological  anatomy.  We  may, 
however,  further  note  that  the  vascular  changes,  which  take  so  large 
a  share  in  the  process  of  interstitisl  inflammation,  as  seen,  for 
instance,  in  the  disseminated  form,  must  extend  the  process.  The 
escape  of  leucocytes  iato  the  sheaths  tends  to  interfere  with  the 
lumen  of  the  vessel  and  the  flow  through  it,  while  their  accumula- 
tion in  the  tissue  must  entail  local  destruction  of  the  nerve-elements. 
If  the  cause  of  the  myelitis  is  a  persistent  influence,  such  as  the 
poison  of  a  progressii^  specific  disease,  or  the  agent,  whatever  it 
be,  that  is  effective  in  gout,  it  is  easy  to  understand  that  the  local  in- 
fluence of  the  lesion  itself  will  co-operate  with  that  of  its  cause,  and 
induce  the  progressive  tendency  that  is  a  characteristic  of  this  form. 

Diagnosis.  — Myelitis  is  recognised  by  the  rapid  onset  of  symptoms 
indicating  structural  disease  of  the  cord.    Among  these  the  failure  d 
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power  it  the  most  eipmificaiit,  although  the  sobjectiTe  aensations  that 
aocoxnpany  it  are  ol..a  more  obtrusiye  at  the  onset,  and  prevent 
mistake  as  to  the  Tneaning  of  the  weakness.  When  thej  are  absent 
the  enf eeblement  may  be  mistaken  for  mere  prostration  in  cases  in 
which  some  general  Ulness  coincides,  and  it  is  probable  that  slight 
myelitis  sometimes  occurs  during  an  acute  specific  disease  and  alto- 
gether escapes  detection.  But  among  the  early  symptoms  no  one  is 
more  important,  for  its  definite  significance,  than  retention  of  urine ; 
and  its  importance  is  increased  by  the  fact  that  it  may  precede  all 
symptoms  in  the  legs  and  give  a  warning,  the  heed  of  which  might 
sometimes  enable  lasting  palsy  to  be  prevented  or  life  itself  preserved 
The  diagnosis  may  be  aided  by  the  presence  of  such  general  sym- 
ptoms as  attend  the  occurrence  of  inflammation  in  other  organs ;  but 
the  absence  of  these  is  of  little  negative  significance,  while  the 
presence  of  constitutional  disturbance  is  as  likely  to  mislead,  as  it  is 
to  suggest  a  local  affection.  The  position  of  tiie  myelitis  must  be 
inferred  from  the  considerations  already  described.  Its  upper  limit 
is  indicated  by  the  upper  limit  of  the  paralysis ;  that  of  sensation  is 
most  readily  defined,  and  usually  corresponds  to  that  of  motion.  But 
the  upper  limit  no  more  shows  the  extent  of  the  disease  below  it,  than 
the  surface  of  water  does  its  depth.  The  extent  downwards  must 
be  gauged  by  the  impairment  of  the  functions  of  the  cord  as  a 
central  oigan  (reflex  action  and  muscular  excitability)  in  the  parts 
paralysed,  while  the  degree  to  which  the  various  structures  of  the 
cord  are  damaged  must  be  inferred  from  the  character  and  degree 
of  the  symptoms  in  the  affected  parts.  In  ascertaining  the  state  of 
the  lower  dorsal  region  the  trunk  and  cremasteric  reflexes  are  espe- 
cially important. 

Thus  if  called  to  a  patient  who  has  rapidly  become  paraplegic,  the 
practitioner  should  first  note  the  degree  of  motor  and  sensory  para- 
lysis of  the  legs  (indicating  whether  the  lesion  is  total  or  partial), 
and  how  high  up  the  trunk  the  symptoms  extend.  He  should  then 
test  the  reflex  action  in  the  affected  limbs  and  trunk,  and  ascertain 
the  state  of  myotatio  irritability  in  the  limbs.  These  indicate  the 
condition  of  the  reflex  arcs  in  the  lower  portion  of  the  cord.  Further 
information  on  Hiis  point  is  afforded  by  the  state  of  muscular  nutri- 
tion, and  especially  by  the  evidence  of  the  state  of  nutrition  of  the 
nerve-fibres  which  is  revealed  by  f aradism.  If  reflex  action  is  per- 
fect, and  the  muscles  have  preserved  their  tone,  this  examination  is  a 
matter  rather  of  scientific  interest  than  of  practical  importance.  It  is 
useless  to  apply  this  test  until  five  or  seven  days  after  the  onset, 
because  four  or  five  days,  and  often  eight  or  ten,  elapse  before  the 
degenerative  changes  oocor  in  the  nerve-fibres.  The  examination  may 
then  be  made  without  any  risk,  provided  a  very  gentle  current  is 
employed,  just  sufficient  to  cause  a  contraction  in  the  corresponding 
muscles  of  a  healthy  limb,  and  the  current  need  not  be  applied  to 
each  spot  for  more  than  a  second.    The  isolated  faradic  shock  may 
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be  employed  with  adyantage  on  acconnt  of  the  absence  of  the  strong 
sensory  stimulation  that  is  caused  by  the  current  (see  "  Atrophic  Para- 
lysis ").  If  no  change  is  found,  the  examination  may  be  repeated  at 
the  end  of  ten  days  from  the  onset.  If  no  muscles,  at  the  end  of  that 
time,  present  any  considerable  diminution  of  contractility,  it  shows 
that  no  considerable  nutritive  change  is  taking  place  in  the  nerres, 
and  that  the  grey  matter  from  which  tiie  nerves  proceed  is  not 
inflamed.  On  the  other  hand,  if  certain  muscles  present  a  diminu- 
tion of  irritability,  others  being  normal,  there  is  a  focal  lesion  in  the 
corresponding  grey  matter.  If  all  the  muscles  of  both  legs  present 
3uch  a  failure,  there  is  inflammation  of  the  lumbar  grey  matter, 
smd  if  sensation  is  also  lost,  a  total  lumbar  myelitis.  So,  if  there  is 
cervical  myelitis  with  paralysis  of  all  four  limbs,  the  condition  of 
irritability  of  the  arm  muscles  shows  whether  the  disease  involves,  or 
is  above,  the  grey  matter  in  the  lower  half  of  the  cervical  enlarge- 
ment. If  there  is  impairment  of  irritability,  its  extent  in  the  two 
arms  will  afford  an  indication  as  to  whether  the  myelitis  is  total,  or 
whether  it  affects  chiefly  certain  spots.  The  distinction  from  simple 
polio-myelitia  depends  on  the  fact  that  the  symptoms  are  not  purely 
motor.  It  is  only  when  the  myelitis  is  cervical  or  lumbar  that  the 
diagnosis  is  a  matter  of  difficulty ;  in  these  cases  the  arms  and  legs 
are  the  seat  of  atrophic  paralysis  in  ordinary  myelitis,  because  the 
grey  matter  is  involved.  There  is,  indeed,  polio-myelitis  in  such  cases, 
but  there  is  also  more,  and  the  impairment  of  sensation,  together  wiih 
the  simple  palsy  of  the  legs  when  the  disease  is  in  the  cervical  region, 
shows  the  involvement  of  other  parts  than  the  anterior  comua, — which 
is  the  essential  distinction.  The  most  equivocal  condition  is  that 
which  exists  when  simple  but  severe  polio-myelitis  in  the  cervical 
region  spreads  to  the  white  columns  immediately  contiguous,  and 
causes  weakness  of  the  legs.  But  it  never  causes  complete  loss  of 
power,  even  for  a  short  time,  and  the  legs  soon  recover,  whereas  in 
ordinary  cervical  myelitis  the  loss  of  power  in  the  legs  is  often  com- 
plete and  prolonged,  and  is  accompanied  by  impairment  of  sensation, 
not  met  with  in  polio-myelitis. 

The  distinction  of  the  other  varieties  of  myelitis  rests  on  the 
special  features  already  described.  That  of  the  disseminated  form 
rests  on  the  irregular  distribution  of  the  symptoms  and  the  evidence 
oi  damage  extending  through  a  considerable  vertical  extent  of  the 
cord,  but  in  some  parts  incomplete  in  degree.  An  inflammation 
whic^  continues  to  extend  after  the  flrst  two  or  three  days  is  certainly 
disseminated,  and  most  subacute  cases  are  of  this  variety,  and  so  are 
those  that  are  secondary  to  blood-states.  The  distinction  is  impor- 
tant, because  this  form  is  far  more  grave  than  any  other,  and  more 
likely  to  cause  death.  It  is  doubtful  whether  ceniral  myelitis  can  be 
disposed  during  life ;  there  is  usually  a  slighter  degree  of  myelitis 
in  the  other  elements  which  causes  symptoms  resembling  the  ordioaxy 
form.    There  is,  however,  one  exception  to  the  rule  that  a  spreading 
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mjelitis  is  disseminated ;  the  diffuse  transrerse  form  that  is  secon- 
dary to  some  other  morbid  processes,  either  to  compression  from 
without  or  to  hsamorrhage  within  the  cord,  often  undergoes  sab- 
sequent  extension.  Acute  myelitis  in  syphilitic  subjects,  eyen  if  due 
to  syphilis,  presents  no  distiiigiiishing  features,  nor  is  its  course  in- 
fluenced by  antisyplulitio  treatment.  But  the  latter  fact  is  true  of 
all  acute  syphilitic  inflammations — ^the  tissue  destroyed  by  the  process 
cannot  be  restored  by  the  removal  of  the  cause.  In  rare  cases,  how- 
eyer,  an  acute  parenchymatous  myelitis  in  a  syphilitic  subject  is 
suggested  by  the  limited  impairment  of  a  certain  function.  In  such 
cases,  and  in  others  in  whidx  the  symptoms  point  to  a  toxic  blood- 
state  acting  on  the  nerye-elements  without  destruction  of  tissue,  the 
effect  of  treatment  seems  to  confirm  the  diagnosis. 

If  transyerse  myelitis  has  been  diagnosed,  the  question  should 
always  be  asked.  Is  it  primary  or  secondary  to  some  other  process, 
of  which  the  most  common  is  compression  of  the  cord  P  We  have 
seen  that  myelitLs  may  result,  eyen  in  acute  form,  £rom  external 
pressure,  which  may  be  that  of  a  growth  or  of  disease  of  the  bone. 
The  indications  are,  first,  the  fact  that  root-pains  at  the  level  of  the 
disease  preceded  the  myelitis  for  at  least  some  weeks ;  and  secondly! 
the  direct  evidence  of  a  disease,  as  caries,  or  cancer  of  the  spine^ 
to  which  the  inflammation  may  be  secondary.  The  spinal  column 
should  be  carefully  examined  in  all  cases,  not  merely  once,  but  again 
and  again.  When  the  myelitis  is  developed  there  may  be  no  signs  of 
bone  disease,  and  yet  these  may  appear  in  the  course  of  a  few  weeks 
or  months.  Myelitis  in  a  cancerous  patient  should  always  suggest  a 
secondazy  growth  in  the  spine.  A  woman,  shortly  after  the  removal 
of  a  cancer  from  the  breast,  became  paraplegic;  no  evidence  of  bone 
disease  could  at  first  be  found,  but  in  a  few  weeks  the  vertebral 
column  became  distinctly  enlarged  from  secondaiy  cancer.  This 
element  in  diagnosis  has  become  of  great  importance  from  the 
certainty  that  some  simple  external  growths  can  be  removed. 

The  diagnosis  from  other  lesions  of  the  cord  is  chiefly  by  the  mode 
of  onset.  In  hsBmorrhcLge  the  symptoms  develop  in  a  few  minutes,  and 
it  is  chiefly  in  the  cases  of  heemorrhagic  myelitis  that  any  diagnostic 
difficulty  presents  itself.  The  sudden  paralysis  is  then  commonly 
preceded  by  slight  sensoiy  symptoms,  tingling,  &c.,  and  sometimes  by 
fever.  If  tiiese  are  absent  in  cases  of  actually  sudden  onset,  primary 
myelitis  is  far  less  likely  than  httmorrhage.  The  acute  spinal  pain 
that  is  common  in  hsemorrhage  is  absent  in  myelitis.  If  an  onset 
indicating  httmorrhage  is  followed  by  a  gradual  extension  of  the  sym- 
ptoms during  the  next  twelve  or  twenty-four  hours,  myelitis  secondazy 
to  hemorrhage  may  be  inferred. 

When  acute  myditis  ascends  the  cord,  so  that  the  logs,  musdes  of 
the  trunk,  and  the  arms  are  successively  paralysed,  its  course  resem- 
bles that  of  aciUe  cucending  paralytU^  or  "  Landrf^$  poraJfiis/'  in 
which  no  lesion  of  the  cord  is  found  after  death.    The  most  important 
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distinction  is  that  in  aaoending  mjelitis  sensation  is  affected,  and 
if  the  patient  surriyes  there  is  a  strong  tendency  to  trophic  distnrb- 
anoe  in  the  skin,  while  many  muscles  iraste  and  present  loss  of  faiadic 
irritability.  In  acute  ascending  paralysis,  on  the  other  hand,  sensa- 
tion  is  little  impaired ;  some  parts  may  be  spared  by  the  ascending 
palsy ;  bedsores  do  not  form ;  and,  if  the  case  is  not  fatal,  there  ii  no 
change  in  the  electric  irritability  of  the  muscles. 

In  meningitis  the  symptoms  of  irritation,  severe  pains,  muscular 
rigidity,  &c,  are  prominent,  while  they  are  absent  in  simple  myelitis 
But  in  many  cases  the  two  conditions  co-exist,  and  which  disease  is 
predominant  can  only  be  decided  by  the  order  and  d^^ree  of  the 
development  of  the  symptoms.  In  meningeal  haemorrhage  there  is 
severe  pain  in  the  back  and  acute  irritation  of  the  nerve-roots. 

The  distinction  from  midliple  neuritis  has  been  considered  in  the 
account  of  that  disease.  It  chiefly  arises  in  the  cases  of  polio-myelitis, 
presently  to  be  considered ;  but  a  difficulty  may  exist  when  a  paren- 
chymatous myelitis  affects  the  structures  on  which  co-ordinatioii 
depends,  and  produces  the  condition  of  myelitic  ataxy.  Such  cases 
are  distinguished  from  those  of  neuritic  pseudo-tabes  by  the  fact 
that  some  other  structures  are  involved,  so  that  symptoms  are 
present  that  are  only  met  with  in  diseases  of  the  spinal  cord.  A  veiy 
acute  onset,  so  that  the  symptoms  reach  a  high  degree  in  a  few  hours. 
Is  also  evidence  of  the  myelitic  origin.  The  case  mentioned  on  p.  S66 
affords  an  illustration  of  these  distinctions. 

Myelitis  is  far  from  rare  in  patients  of  the  age  and  sex  in  which 
hysteria  especially  prevails,  and  many  cases  are  mistaken  for  hysterical 
paraplegia — sometimes  because  symptoms  of  hysteria  concur,  often 
merely  because  the  patient  is  a  girl  and  her  legs  well  nourished.  The 
converse  error  is  very  rare.  The  mistake  occurs  eq)ecially  in  cases  of 
transverse  dorsal  myelitis,  in  which  there  is  no  wasting  of  the  muades 
of  the  legs.  The  gradual  development  of  considerable  excess  of 
niyotatic  irritability  is  a  symptom  of  great  diagnostic  value,  and 
when  this  increases  to  characteristic  extensor  spasm  there  should  be 
no  room  for  doubt.  If  one  leg  is  lifted  from  the  bed,  and  the  other 
moves  with  it  owing  to  the  rigid  extensor  spasm,  organic  disease  is 
certain ;  hysterical  contracture  never  fixes  the  legs  to  the  pelvis  so  as 
to  permit  this  effect.  In  hysterical  paraplegia  there  may  be  retention 
of  urine,  but  th^^e  is  not  incontinence.  Among  other  oonclushe 
symptoms  of  organic  disease,  a  girdle  pain,  and  incontinence  of  fasces, 
are  of  especial  value.  Trophic  changes  in  the  skin  sometimes  decide^ 
even  alone,  the  nature  of  the  case. 

Pboohosis. — ^The  primary  danger  to  life  in  myelitis  depends  upcm 
the  risk  of  respiratory  palsy,  and  hence  on  the  region  of  the  oord  in 
which  the  disease  is  situated.  A  dispositkm  to  spread  is  always  of 
grave  significance,  and  so  also  aro  indications  of  a  serious  blood- 
change,  which  is  likely  to  increase  the  damage  it  has  caused.  On 
this  aooount  the  prognosis  is  worse  in  dissernxBated  than  in  sinqilfl 
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tranBTcrae  mjelitis,  and  it  ia  longer  before  confidence  can  be  felt  that 
arrest  will  endure.  The  risk  is  great  whenever  the  oenrical  region  ia 
diseased,  so  that  the  intercostal  muscles  are  paralysed,  and  in  propor- 
tion to  the  nearness  of  the  lesion  to  the  origin  of  the  phrenic  nerre, 
on  which  life  then  depends.  Hence  a  careful  examination  of  the 
respiratory  movements  should  be  the  first  concern.  Any  indications 
that  foci  of  inflammation  have  developed  in  the  medulla  oblongata 
are  of  extremely  grave  significance.  Another  danger  is  from  acute 
trophic  disturbances,  and  on  this  account  the  prognosis  must  be 
guarded  whenever  the  lumbar  enlargement  is  diseased,  or  is  threatened 
by  the  extension  of  the  inflammation.  Hence  bedsores,  if  fomling 
early,  within  the  first  month,  are  an  unfavorable  indication ;  at  a  later 
period  they  have  less  influence  on  the  prognosis.  There  may  even  be 
a  phlegmonous  condition  of  the  viscera  produced.  The  occurrence  of 
cystitis,  and  especially  of  any  indication  of  secondary  kidney  disease, 
increases  very  much  the  gravity  of  the  case. 

The  prospect  of  recovery  of  power  chiefly  arises  when  the  onset  ia 
over,  and  the  diaeaae  haa  become  stationary.  Its  degree  depends  (1) 
on  the  intensity  of  the  disease,  as  shown  especially  by  the  loss  of  sen- 
sation as  well  as  of  motion,  and  (2;  on  its  vertical  extent  as  indicated 
by  the  impairment  of  the  central  functions  of  the  cord ;  (8)  on  the  early 
occurrence  of  symptoms  of  improvement.  The  longer  loss  of  sensa- 
tion continues,  the  less  is  likely  to  be  the  degree  of  ultimate  recovery. 
(41)  It  ia  influenced  to  some  extent  by  the  cause  of  the  myelitis,  being 
better  if  this  is  due  to  a  removable  cause,  such  as  pressure,  than  if 
spontaneous.  (5)  It  is  better  when  the  disease  is  confined  to  the 
dorsal  region  than  when  rapid  atrophy,  &c.,  of  the  muscles  show  that 
the  lumbar  grej  matter  ia  mvolved.  The  longer  motor  palay  remains 
absolute,  the  less  perfect  v  ill  be  the  ultimate  recovery.  If  some 
power  returns  within  a  fortnight,  the  amount  that  will  be  r^^amed 
will  probably  be  great ;  but  even  complete  loss  of  power  for  six  months 
does  not  pi^ude  the  ultimate  return  of  the  ability  to  walk,  and  I 
have  even  known  this  result  after  complete  paralysis  for  a  year  from 
transverse  myelitis.  The  development  of  increased  myotatic  irrita- 
bility shows  that  improvement  will  not  speedily  occur,  but  even 
rigidity  and  the  state  of  ''  spastic  parapl^ia  "  does  not  lessen  materi- 
ally the  prospect  of  some  recovery  in  a  case  in  which  the  loss  of  power 
remains  complete  for  a  month  or  more.  Indeed,  the  spasm  often 
enables  the  patient  to  stand  with  a  slighter  degree  of  voluntary  power 
than  would  suffice  if  the  limbs  were  supple. 

The  fact  of  preceding  syphilis  must  be  allowed  very  little  influence 
on  the  prognosis  in  a  case  of  simple  acute  myelitis,  but  greatly  im- 
proves the  prognosis  if  there  are  indications  that  the  inflammation  is 
aecondaiy  to  a  more  chronic  process  outside  the  cord. 

Tbxatmbkt. — ^If  a  case  comes  under  observation  at  the  earliest 
period,  when  only  slight  sensory  disturbance  and  slight  weakness  of 
the  iBffl  indicate  the  commencing  process,  the  question  arises  whether 
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anj  treat jnent  can  ayert  the  farther  deyelopment  of  the  inflamnuitioiii. 
If  the  sjmptoms  are  dearly  due  to  exposure  to  cold,  a  hot  bath, 
followed  bj  free  diaphoresis,  should  be  employed,  and  f olloired  bj 
counter-irritation  and  the  other  measures  now  described.  If  con- 
siderable paralysis  shows  that  the  process  of  inflammation  10  folJy 
developed,  little  can  be  expected  from  these  measures,  and  it  is 
better  not  to  subject  the  patient  to  treatment  that  is  incompatible 
with  perfect  rest.  This,  in  all  cases,  is  of  paramount  importance. 
Both  functional  excitation  of  the  cord  and  movement  of  the  spinal 
coliunn  should  be  avoided.  The  remarks  regarding  posture  made  in 
the  account  of  the  treatment  of  inflammation  of  the  membranes 
apply  also  o  that  of  the  cord  itself ;  it  is  most  undesirable  that  the 
spine  shoJd  be  the  lowest  part  of  the  body,  and  it  is  rather  less 
difficult  to  keep  the  patient  oft  the  back  in  myelitis  than  in  menin- 
gitis. A  plank  back-rest  in  the  bed  will  be  found  a  great  assistanoa 
in  securing  comfortable  rest  on  the  side.  If  there  is  any  reason  to 
suspect  hsemorrhage,  or  if  there  are  indications  of  rapid  extension  of 
the  inflammation,  the  prone  position  should  be  adopted,  and  even  in 
myelitis  it  is  well  to  adopt  it  at  times  as  a  change  from  the  lateral 
posture. 

The  removal  of  blood  from  the  skin  of  the  back  over  the  affected 
region,  by  leeches  or  wet  cupping,  is  an  old  measure,  which  finds  soma 
theoretical  justification  in  the  fact  that  the  blood  from  the  structures 
behind  the  spine  passes  into  the  same  veins  as  the  blood  from  the 
spinal  cord  itself.  Hence  this  measure  may  conceivably  have  some 
influence  on  the  circulation  in  the  cord.  If  the  patient's  strength  is 
not  such  as  to  render  the  abstraction  of  blood  desirable,  diy  cupping 
may  be  employed,  or  the  vessels  of  the  skin  may  be  dilated  by  hot 
fomentations,  or  a  mustard  plaster,  or  hot  water  bags.  By  stimu- 
lating the  I  utaneous  nerves,  these  agents  may  also  influence,  in  a 
reflex  manner,  the  vessels  of  the  cord.  The  application  of  cold  to  the 
spine,  as  by  a  spinal  ice-bag,  has  also  been  recommended.  Clontraryas 
these  therapeutic  agents  seem,  it  is  probable  that  each  moderates  local 
inflammation  in  the  same  manner,  by  causing  first  contraction  and  then 
dilatation  of  the  vessels  of  the  inflamed  part,  and  so  lessening  the 
tendency  to  stasis  of  the  blood,  on  which  some  effects  of  inflammation 
depend.  Unless  there  is  reason  to  suspect  hsdmorrhage,  the  applica- 
tion of  warmth  is  the  safer  and  probably,  judging  from  experience, 
the  more  effectual.  At  the  very  onset  of  inflammation  mild  counter- 
irritation  is  \inquestionably  useful,  and  even  a  blister  may  be  cdi- 
ployed.  The  actual  cauteiy  of  Paquelin,  applied  in  a  series  of  spots 
along  each  side  of  the  spine,  is  probably  more  effective,  and  less  liable 
to  set  up  or  intensify  trophic  disturbance ;  but  when  the  process  has 
reached  a  considerable  degree  it  is  veiy  doubtful  whether  counter- 
irritation  has  much  influence  until  the  acute  stage  is  over. 

In  other  respects  the  treatment  of  acute  inflammation  of  the  cord 
must  be  guided  rather  by  the  nature  of  the  process  than  by  the 
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chaiacter  of  tlie  organ  in  which  it  occurs,  and  the  fact  that  it  is  an 
acute  local  inflammation  should  be  kept  in  view.  A  nutritious  but 
unstimulating  diet,  aperients,  and  diuretics  are  desirable  in  all  cases. 
If  there  ia  constipation  a  free  purgative  may  be  given.  Whenever 
there  is  evidence  of  a  morbid  blood-state,  it  is  important  that  this 
should,  if  possible,  be  improved,  but  we  have  still  to  learn  how  most 
tozsemic  states  can  be  neutralised.  Nitrous  ether  may  be  given  as  a 
diuretic  with  some  tincture  of  digitalis,  which  tends  to  render  the 
circulation  uniform,  and  to  lessen  stasis  by  its  influence  on  the  small 
arteries.  The  reason  for  diuresis  is  that  probably  no  local  inflamma- 
tion occurs  that  is  not  associated  with  a  morbid  state  of  the  blood, 
which  may  be  to  some  extent  relieved  by  the  action  of  the  kidneys. 
If  any  special  drug  is  given,  it  may  be  combined  with  those  above 
named.  It  is  as  difficult  to  ascertain  the  efEect  of  the  drugs  which 
are  supposed  to  exert  a  special  influence  on  myelitis,  as  it  is  in  the 
case  of  other  local  inflammations,  which  have  no  predetermined 
degree,  and  tend  to  subside  when  they  have  reached  their  height. 
Ergot  was  recommended  by  Brown-S^uard,  chiefly  on  theoretical 
grounds,  and  has  been  extensively  employed.  In  rare  cases  it  haa 
seemed  to  do  good.  In  cases  of  hsemorrhagic  myelitis  it  may  reason- 
ably be  given  with  greater  confidence,  or  ergotin  (8  to  5  grs.)  may  be 
injected  beneath  the  skin.  Belladonna  has  also  been  recommended, 
but  the  evidence  that  it  influences  the  morbid  process  is  not  strong. 
Mercury  has  been  largely  employed,  given  by  the  mouth  and  by 
inunction.  The  influence  of  mercury  on  the  inflammation  of  intern^ 
organs  does  not  seem  so  great  as  upon  that  of  the  fibrous  tissues  and 
of  the  atructurea  that  invest  organs.  Certainly  in  myehtis  its  efEect 
ia  leaa  distinct  than  it  ia  in  many  cases  of  meningitis.  Iodide  of 
potassium  seems  to  be  no  more  efficacious  than  mercuiy.  In  cases  of 
transverse  myelitis  occurring  in  syphilitic  subjects  the  treatment  for 
'ayphilia  seems  to  have  but  little  influence  on  the  morbid  proceaa.  It 
ia  true  that  auch  treatment  is  rarely  adopted  at  the  very  onaet  of 
acute  myelitia,  but  after  the  disease  haa  developed  enei^etic  treatment 
doea  not  aeem  to  modify  ita  subsequent  course.  This  is  true  also  of 
the  subacute  disseminated  myelitia  that  occurs  in  the  subjects  of 
syphilis,  and  might  be  expected  to  be  more  amenable.  I  have  known 
this  form,  concurring  with  syphilitic  disease  of  the  cerebral  arteries, 
to  develop  and  run  its  course  to  a  fatal  termination  in  spite  of  con- 
tinuous antisyphilitic  treatment,  to  which  the  arteritis  yielded. 

In  the  general  management  of  a  case  of  myelitis,  two  points  are  of 
extreme  importance.  One  is  to  avoid,  by  scrupulous  cleanliness  and 
care,  the  exciting  causes  of  bedsores.  The  skin  should  be  most  care- 
fully watched,  and  any  indication  of  deleterious  pressure  niet  by  a 
change  of  position  or  an  alteration  of  the  mode  of  supporting  the  part. 
Cotton  wool  ia  vezy  useful  for  this  purpose.  If  there  ia  a  marked 
tendenqr  to  trophic  changea  the  patient  should  be  placed  on  a  water- 
bed.    When  there  ia  incontinence  of  urine,  the  difficulty  of  avoiding 
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irritation  of  the  sldn  is  greatly  increased.  For  males,  a  bed  urinal  is 
sometimes  useful,  but  often  it  causes  irritation  and  eren  sloughing  of 
the  prepuce,  and  then  does  more  harm  than  good.  A  quantity  of 
boracic  or  salicylic  absorbent  cotton  wool,  changed  as  often  as  it 
becomes  saturated,  is  one  of  the  best  means  of  meeting  this  difficulty. 
It  must  be  remembered  that  the  prevention  of  bedsores  is  the  pre- 
yention  of  one  common  cause  of  death.  Should  offensiye  sores  form, 
a  quantity  of  picked  oakum,  placed  outside  the  immediate  dressing,  if 
a  cheap  and  most  effectiTe  means  of  preserving  the  air  of  the  room 
from  the  f OBtor  of  the  sores,  and  is  also  a  useful  substitute  for  absor- 
bent cotton  wool,  in  the  case  of  the  poor,  to  absorb  the  urine  or  receive 
f saces  that  are  passed  unconsciously.  Such  material  is  also  useful  for 
relieving  pressure  when  a  water-bed  cannot  be  obtained.  The  second 
point  in  management  is  the  treatment  of  retention  of  urine.  If  there 
is  either  simple  retention  or  overflow  incontinence  the  bladder  must 
be  regularly  emptied  by  the  catheter,  great  care  being  exercised  to 
prevent  the  introduction  of  contaminating  germs.  The  importance  of 
daily  examining  the  abdomen  to  see  that  retention  has  not  occurred, 
cannot  be  exaggerated.  If  the  bladder  is  left  full  and  the  urine 
allowed  to  dribble  away,  inflammation  is  sure  to  be  set  up,  and 
probably  also  pyelo-nephritis.  If  cystitis  occurs,  antiseptic  washes 
must  be  used  to  lessen,  as  far  as  possible,  the  decomposition  of  the 
lu-ine.  Under  this  influence  the  cystitis  usually  lessens,  and  one  grave 
danger  to  life  is  obviated. 

When  the  disease  of  the  cord  has  become  stationary,  the  patient 
may  be  allowed  to  move,  and  a  more  tonic  treatment  may  be  adopted. 
Iron,  quinine,  or  arsenic  may  be  given.  Strychnia  must  be  given  only 
in  very  small  doses  if  there  is  any  excess  of  reflex  action.  Occasional 
counter-irritation  may  be  employed,  repeated  frequently  if  any  im- 
provement seems  to  result.  The  limbs  may  be  rubbed,  and  any 
muscular  wasting  treated  with  electricity.  It  is  not  desirable  to  use 
electricity  as  a  therapeutic  agent  while  the  cord  disease  is  in  an  acutely 
active  stage.  There  is  no  evidence  that  the  application  of  electridly 
to  the  spinal  column  has  any  influence  on  the  process  of  recovery  of 
the  cord.  Its  chief  value  is  to  maintain,  as  far  as  possible,  the 
nutrition  of  any  muscles  of  which  the  nerves  have  undergone  de- 
ger^eration.  In  cases  of  dorsal  myelitis,  in  which  the  legs  are  well 
nourished,  and  the  reflex  action  is  excessive,  it  is  better  not  to 
apply  any  form  of  electricity.  The  unavoidable  stimulation  of  the 
sensory  nerves  tends  to  increase  the  reflex  over-action.  Careful  atten- 
tion should,  in  all  cases,  be  paid  to  the  position  of  the  limbs  during 
the  stage  of  helplessness,  so  as  to  avoid  as  far  as  possible  the  develop- 
ment of  contractions.  For  the  condition  of  active  spasm,  which  often 
develops  after  severe  myelitis,  not  much  can  be  done;  such  special 
treatment  as  can  be  adopted  is  described  in  the  chapters  on  Primaiy 
Spastic  Paraplegia. 
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Absobbs   of  THB  Sputal  Cobb. 

ffimple  inflammation  of  tbe  spinal  cord  scarcely  erer  goes  on  to 
the  formation  of  pns,  although  lenoocjtes  may  accumr'  jd  at  certain 
points  of  the  grey  matter  so  densely  as  to  constitute  microscopic 
collections  of  pus,  and  in  very  rare  eases  of  this  kind  such  minute 
abscesses  have  been  sufficiently  large  to  be  risible  to  the  naked  eve. 
Pus  only  forms  in  the  substance  of  the  cord  in  considerable  quantity 
in  cases  of  purulent  meningitis.  In  most  instances  the  purulent 
meningitis  has  been  of  septic  origin,  rarely  traumatic.  In  the  former 
case  suppuration  within  the  brain  may  coincide  with  that  in  the 
spinal  cord,  and  in  the  latter  it  may  be  yery  extensile,  and  occur  at 
more  than  one  spot.  The  symptoms  are  those  of  an  acute  irritative 
myelitis,  but  they  are  often  lost  in  those  of  the  purulent  meningitis 
which  precedes  the  disease  of  the  cord  itself.  Their  special  feature  is 
their  association  with  a  cause  of  septic  suppuration,  as  well  as  with  a 
high  temperature  and  other  symptoms  of  a  septic  blood-state. 

A  good  example  of  the  disease  is  a  case  recorded  by  KothnageL 
A  patient  suffering  from  cough  and  most  offensive  expectoration  was 
suddenly  seised  with  severe  pains  on  both  sides  of  the  abdomen^ 
attended  by  a  sense  of  constriction  and  quickly  followed  by  paralysis 
of  the  bladder  and  of  the  legs,  with  loss  of  sensation  and  of  reflex 
action.  An  abscess  of  the  cord  was  diagnosed.  After  death  there 
was  extensive  purulent  spinal  meningitis,  and  the  dorsal  and  lumbar 
cord  contained  an  extensive  collection  of  gangrenous  offensive  pus, 
whidi  seemed  to  occupy  the  central  part  of  the  cord,  from  the  cervical 
flttlaigement  downwards.  Some  abscesses  were  found  also  in  the 
white  substance  of  the  brain.  In  another  case  described  by  XTUman* 
two  extensive  foci  of  suppuration  existed  in  the  cord,  one  cervical,  the 
other  lumbar;  the  former  had  caused  extensive  destruction  of  tissue, 
and  the  pus  had  escaped  into  the  subdural  space.  The  affection  was 
supposed  to  be  secondary  to  gonorrhosa. 


Embolisx  of  THB  SfinaIi  Cobd. 

The  occurrence  of  embolism  in  the  spinal  cord  has  not  yet  been 
proved,  but  a  few  las^s  have  been  met  with  which  suggest  the 
possibilitj  that  the  process  has  been  the  exciting  cause  of  an  acute 
myelitis.  In  a  young  man  with  mitral  regurgitation,  considerable 
weakness  of  the  right  leg  came  on  suddenly — ^in  a  moment — with 
transient  spasm.  The  onset  indicated  a  sudden  lesion  in  the  cord, 
which  might  well  have  been  the  embolic  obstruction  of  a  small  vessel. 
In  a  case  recorded  by  Weiss,  a  boy  aged  sixteen,  with  chronic  mitral 
diaeaao^  was  suddenly  seised  with  complete  paraplegia,  followed  by 
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bedsores,  <&c.  He  died  four  months  after  the  onset,  and  the  lumbar 
enlargement  was  found  completely  softened,  with  old  coagula  in  the 
arteries.  There  was  embolism  of  the  kidneys  and  spleen,  and  the 
cortex  of  each  cerebral  hemisphere  presented  small  foci  of  softening. 
Such  cases  justify  a  suspicion  that  embolism  may  be  the  cause  of  a 
sudden  lesion  of  the  cord  in  a  patient  in  whom  a  source  of  embolism 
exists,  and  the  process  has  occurred  in  other  organs. 


Chbonio   Mtblitis. 

The  spinal  cord  may  be  the  seat  of  chronic  inflammation,  which 
deyelops  slowly,  as  such,  in  the  course  of  a  few  or  many  months ;  and 
the  condition  may  also  occur  as  the  sequel  to  acute  myelitis,  which, 
instead  of  subsiding,  may  persist,  manifesting  from  time  to  time  signs 
of  activity.  It  is  often  difficult  to  say  whether  such  a  condition 
should  be  regarded  as  an  acute  myelitis  that  has  not  subsided,  or  a 
chronic  i^iflammation  beginning  acutely.  In  many  instances,  indeed, 
it  is  probable  that  the  disease  is  most  accurately  r^;arded  as  a 
combined  form  in  which  the  causes  of  both  are  operatiye,  and  a 
subsiding  acute  inflammation  is  arrested  and  maintained  by  tha 
influences  that  would  be  capable  of  inducing  a  primary  chronic 
myelitis.  Such  progressive  tendency  is  especially  conspicuous  in  tha 
disseminated  form,  in  which  the  foci  of  inflammation  may  remain,  and 
fresh  ones  may  develop  from  time  to  time  in  a  chronic  or  subacute 
manner. 

The  lesions  of  chronic  myelitis  resemble  those  of  acute  myelitis  in 
seat  and  distribution,  and  intermediate  cases  connect  them  by  analogous 
subacute  forms.  They  differ  from  acute  inflammation  both  in  the 
longer  time  occupied  in  their  development,  and  in  the  absence  of  the 
considerable  vascular  disturbance  which  forms  part  of  the  acute 
process.  Such  chronic  myelitis  may  be  focal,  disseminated,  or  diffuse. 
In  the  former  case  it  may  involve  the  whole  thickness  of  the  cord  at  a 
certain  level — chronic  transverse  myelitis ;  or  only  part  of  it,  sometimes 
one  half,  occasionally  for  a  considerable  vertical  extent.  The  chronio 
disseminated  myeUtis  may  resemble  the  corresponding  subacute  form 
in  distribution,  many  points  of  inflammation  being  scattered  through 
a  small  region,  or  through  a  large  part  of  the  cord,  and  its  symptoms 
may  become  diffuse  by  the  union  of  the  effects  of  the  disease. 

The  term  *'  chronic  myelitis  "  has,  however,  been  used  in  a  much 
wider  sense,  and  has  even  been  applied  by  some  to  all  local  presses 
attended  by  an  increase  of  interstitial  tissue,  whether  this  is  primary 
or  is  merely  secondary  to  a  degeneration  of  the  nerve-elements.  Thus 
the  degeneration  of  the  nerve-cells  in  progressive  muscular  atrophy 
has  been  regarded  and  described  by  many  as  a  chronic  myelitis  of  the 
grey  substance,  notwithstanding  the  fact  that  there  is  usually  a 
degeneration  of  the  whole  motor  path,  in  both  s^ments,  from  the 
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cortex  of  the  brain,  Hirough  the  pyramidal  tracts  and  motor  nerves, 
and  that  the  anterior  comua  merelj  constitute,  as  it  were,  a  focus  in 
which  the  effects  of  the  processes  are  especiallj  conspicuous.  Such 
a  morbid  process  is  evidently  quite  different  in  nature  from  a  focus  of 
ordinary  inflammation,  in  which  the  primary  change  is  interstitial 
and  random  in  range  and  effects,  and  presents  no  limitation  to  func- 
tion in  the  incidence  of  the  consequences  on  the  nerve-structures. 
Whenever  this  latter  feature  can  be  traced,  the  malady  must  be 
regarded  as  a  "  system  disease,"  t.  e.  as  a  disease  affecting  a  system  of 
nerve-structures  that  have  a  common  function.  If  "  system  diseases  " 
are  forms  of  inflammation,  they  are  "  parenchymatous  inflammations ; " 
and  those  that  are  chronic  in  course  from  beginning  to  end  are  more 
commonly  termed  "  degenerations,"  and  are  so  classed  and  described 
in  these  pages.  Only,  then,  the  chronic  interstitial  processes  of  random 
position  and  influence  are  here  considered. 

ETiOLoaT. — The  causal  relations  of  chronic  myelitis,  even  as  thus 
limited  in  conception,  are  very  various.  An  inherited  neuropathic 
tendenqr  can  sometimes  be  traced,  but  far  more  rarely  than  if  the 
cases  are  included  in  which  the  nerve-dements  suffer  primarily.  The 
disease  is  most  conunon  in  early  and  middle  adult  life,  but  it  occurs 
occasionally  in  old  age ;  it  is  met  with  in  both  sexes,  and  is  perhaps 
more  prevalent  in  females  in  the  first  half  of  middle  life  and  in  males 
in  the  second — an  important  fact,  because  so  many  of  the  cases  in 
young  adult  women  are  thought  to  be  hysterical  in  nature. 

Various  conditions  which  lessen  oonstitutional  strength  predispose 
to  the  disease.  Definite  causes  often  cannot  be  traced,  although 
many  of  the  exciting  causes  of  acute  myelitis  seem  capable  of  giving 
rise  to  the  chronic  form,  when  acting  for  a  oonsiderable  time,  or 
frequently  repeated,  or  in  specially  predisposed  persons.  Thus  while  a 
single  intense  exposure  to  cold  may  produce  acute  myelitis,  frequent 
habitual  exposure  may  cause  the  chronic  form.  Injury  is  a  frequent 
cause,  and  seems  to  act  in  more  than  one  way.  Chronic  inflammation 
may  develop  in  the  vicinity  of  a  damaged  spot,  when  the  traumatic 
lesion  may  have  been  too  slight  to  cause  pronoimced  symptoms,  or 
may  have  caused  slight  effects  which  are  subsequently  lost  in  the 
more  severe  and  extensive  consequences  of  the  myelitis.  In  other 
cases  the  effects  of  the  lesion  may  be  too  slight  in  degree  to  be  at 
first  perceptible,  but  (either  by  a  slow  influence  on  the  processes  of 
nutrition,  or  by  extensive  minute  interstitial  lesions  that  induce 
secondary  traumatic  inflammation)  the  symptoms  of  extensive  damage 
to  the  cord  slowly  follow  an  injury  that  has  no  immediate  effect  on 
function.  These  cases  will  be  further  considered  in  a  subsequent 
chapter.  Repeated  over-exertion  has  also  seemed  effective  in  some 
cases.  Sexual  excess  has  been  thought  to  be  a  cause,  but  on  less 
clear  evidence. 

Chronic  myelitis  may  be  secondary  to  other  local  morbid  processes, 
especially  to  adjacent  inflammation,  which,  when  it  also  causes  com* 
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jnesBion,  inyariablj  givea  rise  to  ebrosic  myditit ;  fhe  inilMmmiliffli 
that  reflrolta  from  pressure  on  the  cord  may  be  eithor  duxmie  or  acuta 

Another  series  of  causes  consists  of  constitutioiial  states  capable  ot 
giTing  rise  to  local  inflammations.  Chronic  alcoholism  is,  perhaps^ 
the  most  influential  and  important  of  these.  Chronic  myelitis  due 
to  it  is  usually  associated  with  chronic  meningitis,  and  most  intense 
at  the  periphery,  beneath  the  inflamed  membranes;  but  it  thence 
extends  into  the  substance  of  the  cord,  and  sometimes  tracts  of 
irregular  extent  and  position  are  inyolyed,  withont  connection  with 
the  membranes.  This  cause  is  one  of  especial  importance,  because  it 
often  co-operates  with  others,  and  determines  effects  that  may  seem 
to  be  independent.  Its  efEect  is  met  with,  for  example,  in  many  cases 
of  chrome  myelitis  that  are  excited  by  injury  and  se^n  to  be  due 
solely  to  the  excitant,  although  the  results  of  this  would  have  been 
trifling  and  transient  but  for  the  tendency  induced  by  the  preceding 
and  often  profound  effect  of  chronic  alcoholism  on  the  tissues.  It 
also  complicates  many  cases  of  multiple  neuritis  doe  to  the  same 
cause,  in  which  the  efEects  of  the  peripheral  lesion  obscure  to  a  large 
extent  those  of  the  central  mischief,  by  causing  symptoms  that  pre- 
rent  the  recognition  of  the  latter,  since  its  consequences  are  lost,  as  it . 
were,  in  those  of  the  damage  to  the  nerres. 

The  gouty  diathesis  is  another  cause  of  chronic  myelitis.  We  are 
only  beginning  to  realise  how  often  it  acts  on  many  organs  and  tissues, 
and  how  frequently  inflammation  is  thus  induced.  It  is  certain  that 
this  is  a  common  cause  of  inflammation  in  the  substance  of  organs 
and  in  mucous  membranes,  and  chronic  as  well  as  acute  myelitis  is 
among  its  effects.  Many  cases  are  due  to  this  influence,  and  it  is 
instructire  to  note  that,  like  chronic  alcoholism,  it  is  also  a  cause 
of  inflammation  of  the  peripheral  nerves.  The  disseminated  and 
progressiye  forms  of  chronic  myelitis  are  especially  due  to  it,  and  the 
analogy  should  be  noted  which  these  present  to  the  irr^^ular  forms 
of  perineuritis,  of  which  this  state  is  also  a  common  causa  It  is 
probable  that  many  cases  oi  chronic  myelitis  in  young  adults,  at 
present  mysterious  in  origin,  and  in  the  obstinately  progressiTe 
character  they  sometimes  manifest,  will  be  foxmd  to  be  due  to  the 
influence  of  inherited  gout,  which  is  certainly  capable  of  causing 
analogous  inflammation  elsewhere  in  the  neryous  system, — as,  for 
instance,  in  the  optic  nerves. 

Another  cause  of  chronic  myelitis  is  constitutional  syphilis.  The 
forms  that  are  apparently  due  to  this  are  of  two  types.  (1)  A  diffuse 
interstitial  inflammation,  most  intense  at  the  periphery,  with  much 
new  formation  of  tissue  and  thickening  of  the  walls  of  the  vessels, 
both  processes  extending  into  the  cord  from  the  pia  mater,  in  which  a 
similsur  damage  exists.  This  form  may  be  subchronic  in  course,  and 
presents  some  histological  correspondence  to  known  ajphOitic  pro- 
cesses. (2)  A  focal  very  chronic  indurating  myelitis,  such  as  shown 
in  Fig.  106,  which  has  no  distinctively  syphilitic  feature^  may  oocmr  in 
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fwjr  kte  «(age8  of  tbe  oonstitational  disease.  In  neither  form  doet 
tbe  mflnenoe  of  treatment  afford  evidence  of  the  relation  to  qrphilis. 
In  the  second,  sclerotic  yariety  it  does  not  appear  that  treatment  has 
any  power  to  modify  the  morbid  process,  and  in  the  first  it  is  evident 
that  any  cicatricial  process  that  conld  be  induced  would  only  maintain 
the  damage  to  the  nerve-elements,  which  would  suffer  further  from  the 
maintained  or  r^iewed  compression  under  the  prolonged  contraction 
of  the  endonng  tissue.    Yet  the  occurrence  ot  these  forms  in  the 


Fxa^ioa. 
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JiQ.  106.— Chronie  mvelitii.  (After  Charcofc  and  Oombftoit.)  B,  tection 
at  the  level  of  the  third  dorsal,  showt  both  the  posterior  oolamns  and  whole 
of  left  half  inflamed,  except  the  inner  part  of  the  anterior  oolamn.  The 
aisetod  part  was  grey  and  uniform  in  aspect,  Taacnlar,  and  firmer  than 
aonnsL  Pia  mater  and  arachnoid  thickened.  A,  section  from  cervical 
•nlargement,  showing  secondary  degeneration  in  the  pott.-med.  oolnmna. 
fimilar  fod  existed  in  the  pons,  &c.* 

Fia.  107. — Chronio  sclerotic  my eiitifl.  (After  Troisier.)  A,  posterior  view 
of  the  affected  part,  lower  dorsal  region.  The  diseased  areas  were  grey  in 
aspect,  and  are  indicated  by  shading.  B,  middle  of  lesion,  showing  exten- 
sive dnmage ;  C,  2|  em.  high«r  np,  slighter  damage ;  D,  cervical  region 
asoendine  degeneration,  post.-med.  cols.,  and  a  spot  of  disease  in  lateral 
column  (prohahly  part  of  the  asoeuding  ant.-lat.  tract,  secondarily  deg*- 
ated).    B,  lower  part  of  lesion.    (See  next  flgiire.)t 


*  The  patient  had  had  syphilis  twenfy-one  years  before.  The  spinal  symptoms 
slowly  developed  during  fifteen  months,  and  consisted  in  paralysis  with  hyper* 
■sthesia  on  the  left  side^  with  loss  of  seosibility  without  paralysis  in  the  right,  and 
%  band  of  anssstbesia  to  pain  aronnd  the  thorax  at  the  level  of  the  lesion,  but  the 
Mental  dnlness  of  the  patient  prevented  accurate  obaervation  daring  the  last  few 
months  of  her  life.  (Charcot  and  Qombanlt^  *Areh.  de  Phys.,'  1878,  Tol.  vi, 
p.  148.) 

t  The  patient  was  a  woman  forty  years  of  age*  The  symptoms  slowly  developed 
during  the  three  years  before  death,  nnd  consisted  of  w«;akness  with  rigidity  in  the 
left  leg,  and  impairment  of  tensibility  in  the  right,  first  of  the  temperature  sen^e 
snd  afterwards  of  tonch.  (No  observations  were  made  on  sensibility  for  the  Inst 
tfteea  moofehs  of  the  patient's  life,  during  which  the  lesion  was  slowly  progressing.) 
( I'roisier, '  Arch,  de  Physiologie,'  1873,  vol.  v,  p.  716^  Case  8.) 


882  SPINAL  COED. 

subjects  of  syphilis,  the  absence  of  other  causes,  and  the  dreamstanoes 
that  the  negative  facts  are  not  without  analogies,  make  this  caosaiiott 
on  the  whole  the  probable  one. 

PATHOLoaioAL  Aif  ATOMT. — The  morbid  appearances  ybxj  much  in 
the  different  forms.  In  most  cases  the  disease  is  reyealed  to  the 
naked  eje  bj  a  change  in  the  aspect  of  the  affected  part,  in  which  the 
white  substance  is  grey  in  tint,  and  the  grej  matter  darker  than 
normal,  while  both  are  reduced  in  siase  in  cases  of  long  duration,  so 
that  the  whole  cord  may  be  lessened  at  the  affected  part,  and  its 
shape  changed  when  the  disease  does  not  inyolye  its  entire  thickness. 
But  in  recent  cases  the  alteration  in  tint  maj  be  t^e  most  conspicuous 
change,  and  maj  be  yisible  on  the  surface,  eyen  through  the  pia 
mater;  this  maj  be  thickened  at  the  spot  if  the  disease  reaches  the 
surface.  The  consistence  of  the  affected  area  maj  be  lessened  or 
increased.  Barelj,  in  recent  cases,  there  is  a  slight  increase  in  the 
size  of  the  affected  part.  In  some  recorded  cases  in  which  a  great 
increase  in  size  has  been  described,  it  is  probable  that  an  infiltrating 
glioma  was  mistaken  for  chronic  inflammation.  When  there  is  one 
considerable  focus  of  disease  there  maj  be  other  slighter  foci  in  the 
neighbourhood.  In  what  is  called  the  "  diffuse "  form  the  diseased 
areas  are  scattered  through  a  considerable  extent  of  the  cord ;  thej 
maj  blend  into  a  lesion  that  is  trulj  diffuse,  or  maj  remain,  in  point 
of  fact,  disseminated,  but  be  so  placed  that  their  effects  blend  in  what 
maj  be  termed  a  diffuse  influence.  Thus  it  maj  be  found,  post  mortem* 
that  there  are  numerous  foci  of  disease  when  nothing  in  the  a^^^jiw^ 
of  the  sjmptoms  prepared  us  for  a  disseminated  lesion. 

It  is  probable,  indeed,  that  this  is  the  rule  in  the  chronic  form,  and 
an  actuallj  diffuse  eztensiye  inflammation  is  much  more  raze  than  is 
suggested  bj  the  sjmptoms  of  the  disease.  In  the  secondarj  form 
the  inflammation  is  usuallj  confined  to  the  neighbourhood  of  the 
morbid  process  which  causes  it.  That  which  is  secondarj  to  menin- 
gitis is  most  intense  in  the  peripheral  part  of  the  oord,  but  sometimes 
extends  deeplj,  especiallj  when  the  cause  of  the  meningitiB  is  one, 
such  as  alcoholism,  capable  also  of  giving  rise  to  mjelitis.  In  this 
condition  almost  the  whole  thickness  of  the  cord  maj  be  inyolved  (cf. 
A  and  B,  Fig.  109).  Now  and  then,  when  there  is  no  primary  menin- 
gitis, the  superficial  lajers  of  the  cord  are  chiefij  damaged,  a  form  that 
has  been  termed  chronic  annular  myelUie  or  aoMular  telerona,  because 
the  affection  extends  like  a  ring  around  the  cord.  This  form  of  lesion 
is,  however,  as  we  have  seen,  sometimes  merelj  an  ascending  degene- 
ration of  fibres  that  lie  near  the  surface,  and  degenerate  above  the 
primarj  lesion. 

In  chronic  mjelitis,  according  to  the  limited  use  of  the  term 
alreadj  explained,  the  microscope  shows  that  the  inflammation  is 
primarilj  interstitial.  The  affected  areas  alwajs  stain  deeplj  with 
carmine  in  consequence  of  the  great  increase  in  their  connective-tissue 
elements,  and  maj  be  occupied  bj  a  dense  fibrous  reticulum,  in  whkh 
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tew  nerre-eleinentfl  can  be  discoyered,  as  in  Fig.  108.  In  less  affected 
]>arts  of  the  white  columns  there  is  an  irregular  increase  of  the 
interstitial  tissue,  partly  fibrillated,  partly  amorphous,  or  studded  with 
nuclei  (Fig.  108,  upper  small  figure) ;  while  in  other  parts  it  may  contain 
many  nudeated  cells,  oval,  fusiform*  or  stellate.  The  large  stellate 
'^ spider  cells**  are  sometimes  yery  conspicuous,  and  interstitial 
fibrous  tracts  may  be  traced  to  their  ramifications. 


Fig.  108.— Chronie  tclerotie  mjelitii,  same  caie  as  Fig^.  107  f  tection  near  B, 
reverted.  Almost  the  whole  left  balf  of  the  cord  (right  in  the  figure)  is 
ehanged  into  a  dense  mase  of  shrunken  connective  tissue,  and  the  right  hnlf 
b  being  invaded  in  many  parta  hy  the  same  process.  The  upper  small  flgnre 
is  fhmi  the  posterior  column,  showing  a  tliiclcened  vessel  sarronuded  hy  nucleated 
tianM^  among  which  lie  nerve-fihrety  >D*nT  of  them  mnch  smaller  than  normal, 
and  some  with  swollen  axifl-c\  linden.  Tlie  lower  small  figure  is  from  the  right 
anterior  oolnmn  (left  in  figure) ;  the  pia  mater  is  thicken^  and  contHins  many 
nuclear  •lements ;  from  it  thick  trabeculas  extend  into  the  white  (^ubHtanoo  and 
encloee  spaces,  from  many  of  which  the  nerve-fibres  have  periithed.* 

The  nerve-fibres  waste  before  the  interstitial  process,  or  undergo 
destructiYe  changes  from  the  beginning.  They  may  at  first  present 
the  change  by  which  their  myelin  stains  more  deeply  than  normal ; 
afterwards  they  become  narrowed,  and  the  axis-cylinder  is  often 
irregularly  enlarged.  Ultimately  many  or  all  the  fibres  disappear 
from  the  affected  area.  Here  and  there  the  destruction  of  fibres  may 
be  out  of  proportion  to  the  increase  in  the  interstitial  tissue,  so  that 
thickened  and  often  granular  trabeouls  enclose  empty  spaces.  This 
is  seen  in  the  lower  small  illustration  in  Fig.  108 ;  it  is  apparently  the 
result  of  the  participation  of  the  nerve-fibres  in  the  inflammatory 
process  during  a  more  general  stage,  in  which  all  the  elements  of  the 
tissue  were  involved.  In  the  recent  state,  products  of  degeneration, 
granule   corpuscles,   Ac.,   may   be  found  abundantly  in  the  altered 

•  From  a  tecUon  hy  Prof.  Picrret,  kindly  lent  me  hj  Dr.  Dreschfeld. 


884  8PI2UL  OOBD. 

regions.  The  'walb  of  the  Tesaels  are  thiekened,  and  Iqr  this 
tbickBning  the  cayitieB  of  ihe  arteries  may  be  nltimatelj  lessened; 
those  of  smaller  size  may  eren  be  dosed.  Kot  only  is  the 
waU  of  the  arteries  thickened,  bat  arotmd  them  the  increase  of  inter- 
stitial tissue  is  often  greater  than  elsewfaere,  so  that  the  appearance  is 
as  if  it  had  spread  thence  into  the  adjacent  structnres.  Undue  signi- 
ficance  has  been  attached  to  this  condition,  especially  in  old  patients 
with  arterial  degeneration ;  it  has  been  regarded  as  evidence  that 
arterial  disease  sets  up  the  myelitis,  bnt  it  is  a  common  appearance  in 
all  forms  of  chronic  myelitis,  and  also  in  the  later  stages  of  acute 
inflammation.  It  is  probably  due  to  the  greater  activity  of  the  process 
in  the  immediate  vicinity  of  the  vessels,  and  to  the  share  taken  by 
escaped  leucocytes  in  the  formation  of  new  interstitial  tissue.  The 
peripheral  arteries,  moreover,  occupy  tracts  of  neuroglial  and  fibrous 
tissue  proceeding  from  the  pia  mater,  and  the  increase  of  interstitial 
tissue  is  connectied  with  these ;  some  of  it  is»  on  this  account,  foxmd 
in  the  vicinity  of  the  arteries. 

In  the  grey  substance  there  is  a  similar  increase  of  connective* 
tissue  elements,  so  that  the  altered  part  takes  a  deeper  stain  with 
carmine  than  the  normal  grey  substance,  and  has  a  denser  structure, 
from  the  greater  amount  of  supporting' tissue.  The  nerve-elements 
become  atrophied ;  the  ganglion-ceUs,  at  first  swollen  and  rounder, 
afterwards  shrink,  until  ultimately  they  may  be  reduced  to  small 
angular  bodies,  and  they  even  may  disappear.  The  nuclear  corpuscles 
about  the  central  canal  are  often  increased  in  quantity,  and  the  canal 
obliterated,  but  this  condition  is  so  common  in  otherwise  normal  cords 
that  no  importance  can  be  attached  to  it.  A  considerable  inereaee  of 
tissue  about  the  central  canal,  closing  it  below  and  causing  it  to  be 
dilated  above  (Fig.  109,  ''syringomyelia"),  has  been  ascribed  to 
chronic  inflammation  around  the  canal,  but  the  abnormal  tissue  i3 
probably  always  of  gliomatous  nature,  consisting  of  a  development 
of  tissue  that  is  in  oongenital  excess,  owii^  to  an  arrest  of  develop- 
ment. 

The  pia  mater  is  greatiy  thickened  over  the  inflamed  parts,  as 
already  stated,  and  in  some  cases  the  affection  of  the  membrane  is 
general,  and  that  of  the  cord  most  intense  beneath  it— a  condition 
termed  **  chronic  meningo-myelitis.*'  It  is  this  form  that  is  shown  in 
Fig.  109.  The  tracts  of  new  tissue  that  pass  into  the  cord  are  dense 
and  wide.  As  already  mentioned,  this  diange  may  be  accompanied 
by  a  deeper  and  sometimes  a  more  diffuse  inflammation,  as  in  ▲,  Fig. 
109,  in  which  the  affection  of  the  cord  is  greater  and  that  of  the  mem- 
branes less  than  in  b.  The  chronic  myelitis  that  occurs  in  syphilitic 
subjects  may  present  no  specific  characters.  In  some  cases,  however, 
the  cell-formation  has  been  abundant,  and  has  been  associated  with  a 
tendency  to  fatty  degeneration  in  the  older  portions  of  the  lesion,  and 
with  a  similar  degenerating  hyperplastic  inflammation  of  the  pia 
mater.    The  condition  is,  however,  clearly  one  of  chronic  inflamma- 
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tad  not  of  a  sjphilitic  growth.*    NcrertheleM  aa  actual  growfli 
flometiiDes  co-exist  with  a  focus  of  syphilitic  mjelitis ;  it  is  pio- 


Wi9*  100.'  Chronic  roeningo-myeUtiay  due  to  alcobolism,  Byrtttf^mjiXk, 
tongmit»\f  with  central  gliomatusia.  A,  lowest  pnrt  of  cenrical  enlaim- 
ment  j  pi«  mater  thickened,  and  from  it  tracta  of  titaoe  extend  into  Uie 
eord.  The  greater  part  of  the  sectioD  it  the  MRt  of  a  diffuae  mjelitli^ 
la  which  the  Denre-fihras  conld  be  saen  with  HifBcnlty,  and  were  lepa* 
fated  hj  inflammatorv  products.  The  grev  matter  waa  also  affaeted, 
and  the  nerve^ells  much  chnnged.  The  clear  ipncca  in  the  right  ani. 
•ornn  appeared  oceupivd  bj  prodncta  of  degeneration.  Central  canal 
greatlj  dilat«'d  and  iurronnded  bj  new  growth,  which  in  B  (lumbar  aeo* 
tion)  has  obliterated  the  canal  snd  thus  cauhcd  its  dilHtation  above.  In 
this  section  the  myelitis  ia  chiefly  peripheral  and  the  grey  matter  has, 
f6r  the  most  part,  escaped. 


baUe  that  in  such  caoes  the  growth  is  usually  the  primary  change. 
This  may  be  distinguished  by  the  indications  of  compression  and 
displacement  of  the  adjacent  elements  of  the  cord,  a  condition  which 
shows  that  there  is  an  actual  new  formation. 

The  more  recent  the  inflammation,  the  larger  is  the  proportion  of 
oeUs  and  nuclei  in  the  interstitial  tissue;  the  longer  it  has  existed, 

*  8aa  Moson,  *  Qay's  Hoap.  Beporta,'  1871»  and  Charcot  and  Oombanlt,  *  Arch. 
4s  Physiologia/  1873. 
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the  greater  is  the  amount  of  fibrillation  it  presents.  The  yeiy  dironie 
indurating  forms  are  sometimes  called  '*  sclerotic  myelitis/'  or  "  focal 
sclerosis  of  the  cord."  From  the  various  areas  of  inflammation  secon* 
darj  degenerations  proceed,  ascending  or  descending,  and  these  maj 
complicate  the  aspect  of  the  disease — a  fact  which  has  not  always  been 
sufficiently  considered  in  interpreting  the  morbid  appearances. 

Symptoms. — The  symptoms  of  chronic  myelitis  vary  much  aocording 
to  the  character  of  the  morbid  process.  For  the  most  part  they  cor- 
respond in  character  to  those  that  are  produced  by  acute  inflamma- 
tion, differing,  however,  in  their  mode  of  onset.  It  is  therefore  not 
necessary  to  repeat  them  in  detail.  Different  cases  may  manifest 
almost  every  symptom  that  can  be  produced  by  disease  of  the  spinal 
cord  There  may  be  various  motor  and  sensory  paralyseB,  oontrac- 
txu-es,  and  even  muscular  atrophy,  but  their  common  feature  is  their 
gradual,  and  often  successive  development.  In  the  most  common  form, 
focal  myelitis  of  the  dorsal  region,  partial  or  transverse,  the  symptoms 
are  paraplegic.  They  differ  but  little  whether  there  is  a  single  area 
of  disease,  or  whether  several  foci  near  together  implicate  adjacent 
structures.  Motor  power  is  usually  impaired  far  more  than  sensi- 
bility. Subjective  sensations  are  often  prominent  and  early  symptomfl, 
whether  there  is  ansasthesia  or  not, — ^tingling,  **  pins  and  needles*'  in 
the  legs,  a  sensation  as  if  fur  or  wool  covered  the  skin,  sometimes  with 
dull  pain  in  the  legs  and  back,  especially  after  exertion,  and  commonly 
also  with  a  well-marked  girdle  pain  at  the  level  of  the  chief  lesion. 
Some  loss  of  sensibility,  partial  in  kind  or  in  seat,  will  often  be  foimd 
if  carefully  searched  for,  but  there  is  not  often  absolute  loss  of  sensa- 
tion except  in  the  rare  cases  of  intense  local  sclerotic  myelitis,  by 
which  conduction  may  be  arrested  as  completely  as  by  a  growth. 
The  onset  of  the  motor  weakness  is  gradual ;  many  months  may  pass 
before  the  power  of  walking  is  conaiderably  impaired.  Am  the  legs 
get  weak,  excess  of  reflex  action  is  developed  (unless  the  reflex  struc- 
tures are  damaged).  The  knee-jerk  is  increased;  foot-donus  occurs 
when  the  legs  are  in  certain  positions;  and  a  tendency  to  spaam 
gradually  develops,  and  increases  to  the  condition  typical  of  "  spastic 
paraplegia."  The  sphincters  frequently  share  the  impairment  of 
voluntary  power.  Co-ordination  of  movement  is  sometimes  affected, 
XLSually  manifested  as  general  unsteadiness,  and  defect  of  equilibrium, 
rather  than  as  pure  ataxy. 

The  symptoms  may  come  on  simultaneously  in  the  two  legs,  or  one 
may  be  affected  before  the  other,  and  occasionally  the  paralysis  reaches 
a  high  degree  in  one  leg  while  the  other  still  possesses  fair  strength. 
When  one  half  of  the  cord  is  affected  almost  alone  (as  in  the  lesion 
shown  in  Fig.  109),  there  may  even  be  a  crossed  paralysis  of  motion  . 
4Uid  sensation. 

Chronic  polio-myelUis  is  often  regarded  as  a  distinct  variety,  but 
much  confusion  has  arisen  from  the  fact.  If  chronic  myelitis  de- 
velops in  the  cervical  and  lumbar  enlargement,  muscular  wasting  ii 
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ufluallj  added  to  tlia  other  ajniptoimi.  Similar  atrophy  occurs  also 
in  the  widely  diffased  form  of  chronic  myelitis,  in  which  almost  all 
parts  of  the  cord  suffer,  and  it  may,  indeed,  be  the  most  conspicuous 
symptom.  It  is  always  irregular  in  distribution  in  these  cases,  and  it 
may  be  combined  with  other  symptoms,  palsy  and  anaesthesia,  also 
irr^^ular  in  extent  and  seat.  The  muscular  wasting  yaries  in  the 
rapidity  of  the  development,  according  to  the  character  of  the  inflam- 
mation, and  there  are  corresponding  variations  in  the  relations  to  it  of 
the  loss  of  power  in  the  muscles,  and  also  in  the  electrical  reactions 
they  present.  In  very  chronic  cases  there  is  a  slow  failure  of  electrical 
irritability  to  both  currents ;  in  others  of  more  rapid  course  the  voltaic 
irritability  persists  longer  than  the  faradic  irritability,  and  there 
may  be  a  distinct  degenerative  reaction.  The  symptoms  may  com- 
mBace  in  the  arms  or  in  the  legs,  but  they  ultimately  become  general 
in  most  cases,  and,  according  to  the  place  of  their  commencement, 
may  seem  to  have  an  ascending  or  descending  course.  Occasionally 
the  disease  begins  in  the  dorsal  region,  and  after  a  time,  perhaps 
years,  it  spreads  to  the  enlargements,  and  the  muscular  wasting  is 
added. 

The  course  of  chronic  myelitis  is  usually  slow  and  progressive.  The 
symptoms  often  increase  so  gradually  as  only  to  attain  a  considerable 
degree  at  the  end  of  two  or  three  years.  At  any  stage  the  progress 
of  the  disease  may  cease.  The  chronic  course  may  be  varied  by 
occasional  more  rapid  increase  of  the  symptoms,  due  to  subacute  or 
even  acute  processes  in  the  diseased  parts.  Every  degree  of  chronicily 
is  met  with,  and  subchronic  cases,  in  which  the  symptoms  develop  in 
the  course  of  a  few  months,  effect  a  gradation  to  the  acute  and  sub- 
acute forms  of  myelitis.  The  duration  of  the  disease  varies  from  six 
months  to  ten  years  or  more.  Thus  in  one  case  the  symptoms  slowly 
increased  during  about  seven  years,  and  then  became  stationazy,  and 
the  patient  died  twenty-three  years  after  the  onset. 

DiAGiroszB. — The  diagnosis  of  chronic  myelitis  rests  on  the  slow  deve* 
lopment  of  symptoms  indicating  a  random  process  in  the  spinal  cord« 
i.  s.  a  process  which  damages  irregularly  structures  of  various  functions, 
and  thus  cannot  be  looked  on  as  a  "  system  disease."  The  maladies 
from  which  it  has  to  be  distinguished  differ  according  to  the  seat  and 
character  of  the  inflammation.  Dorsal  transverse  or  focal  myelitis 
may  be  confounded  with  compression  of  the  cord,  with  a  tumour  in  it, 
and  with  primary  lateral  sclerosis.  The  distinction  from  pressure 
rests  on  the  absence  of  a  cause  of  compression,  such  as  bone  disease, 
— especially  the  absence  of  the  signs  of  a  morbid  process  outside  the 
eord,  preceding  those  of  damage  to  the  cord  itself,  s.  g.  the  pains 
that  indicate  irritation  of  nerve-roots.  A  tumour  within  the  spinal 
cord  also  causes,  in  most  cases,  more  irritation  of  the  root-fibres  than 
does  chronic  myelitis.  If  myelitis  involves  one  half  of  the  cord 
much  more  than  the  other,  the  symptoms  may  closely  resemble  those 
of  an  intra-medullary  growth.     But  a  tumour  never  causes  much 
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damage  to  one  lialf  of  the  oord  without  interfering  ounsidembly  with 
the  functiona  of  the  other  haJf ,  and  the  STmptoma  in  chronic  mjditia 
may  be  strictlj  unilateral  The  distinction  from  primary  apastio 
paxaplegia,  the  so-called  "  primaiy  lateral  sclerosis,"  14  often  one  of 
some  diflScultj.  The  motor  state  of  the  legs  ma j  be  identical  in  the  two 
diseases ;  in  each  there  is  the  same  extensor  spasm,  and  in  each  there 
is  a  slow,  gradual,  and  apparently  simultaneous  onset  of  the  weakness 
and  spasm.  The  distinction  is  that  in  primary  spastic  paraplegia  the 
symptoms  are  purely  motor;  there  is  no  indication  that  the  lesion 
extends  beyond  the  motor  structures.  In  chronic  myelitis,  on  the 
other  hand,  there  is  such  indication,  eith^  by  the  impairment  of 
sensation,  or  by  the  presence  of  a  girdle  pain.  This  distinction  is 
sufficient  in  the  majority  of  cases.  The  distinction  from  insular 
sclerosis  is  in  many  cases  difficult.  By  Oppenheim  and  others, 
indeed,  it  is  asserted  that  most  cases  described  as  chronic  myelitis 
are  really  cases  of  disseminated  sclerosis.  Ihe  presence  of  cerebral  or 
bulbar  symptoms  would  naturally  suggest  such  a  diagnosis  in  a  giTsn 
ease.    But  in  insular  sderosis  any  reiy  obvious  aiEection  of  sensation 

is  iiTi^i^nftl, 

The  form  that  inTolves  the  grey  matter  has  to  be  distinguished 
ehiefly  from  pachymeningitis  and  degeneratire  muscular  atrophy. 
In  pachymeningitis  the  muscular  wasting  may  be  similar,  bat 
ansssthesia  is  usually  much  more  considerable  in  range  and  in  d^free, 
and  there  is  more  pain  in  the  limbs.  If  there  are  similar  symptoms 
in  both  arms  and  legs,  myelitis  is  far  more  probable  than  pachy* 
meningitis,  since  the  chronic  inflammation  of  the  membranes  is  less 
extmsive  than  that  of  the  oord.  From  progressive  muscular  atrophy, 
the  chief  difference  is  in  the  random  distribution  of  ^e  wasting,  the 
absence  of  symmetry,  and  indications  of  irregular  damage  to  other 
structures  in  the  cord,  as  the  occurrence  of  pain  and  of  loss  of 
sensation.  But  it  must  be  remembered  that,  by  some  authorities, 
most  cases  of  chronic  spinal  muscular  atrophy  are  regarded  as  due  to 
chronic  myelitis. 

For  the  distinction  from  other  less  common  diseases,  the  leader 
must  be  referred  to  the  description  of  them.  Like  all  other  organio 
diseases,  cases  without  wasting  of  the  muscles,  occurring  in  f emaksi 
are  often  regarded  as  '*  hysterical  paraplegia ; "  the  distinction  rests 
on  the  points  already  described.  It  is,  howerer,  one  of  the  diseases 
in  whi>h  the  least  excusable  eriora  in  diagnosis  occur,  and  in  which 
their  effects  are  often  the  most  disastrous. 

PsooNosis. — Chronic  myelitis  is  a  very  grave  disease,  on  account  of 
the  intractability  of  the  morbid  process,  its  frequently  progressive 
tendency,  and  the  persistence  of  damage  which  is  slowly  produced* 
But  cases  vary  widely,  especially  in  the  two  former  features,  and  it  is 
a  disease  in  which  general  prognostic  rules  can  scarcely  be  formulated. 
The  observed  tendency  of  an  individual  case  is  alone  a  trustworthy 
gmde.    Arrest  of  the  disease  it  often  obtained,  but  actual  recovery 
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»  mi«.  The  prognosiB  is  little  affected  bj  the  seat  or  extent  of  the 
proceas.  except  that  the  implication  of  the  grey  matter  of  the  enlarge- 
ments is  generallj  an  nnfarorable  indication.  The  severity  of  the 
lesion,  as  shown  by  the  degree  of  the  symptoms,  is  significant  chiefly 
in  cases  of  long  duration,  and  is  subordinate  to  the  course  and  mode 
of  onset.  If  it  can  be  arrested,  the  prospect  of  improyement  is  better 
in  proportion  to  the  slowness  with  which  the  disease  has  dereloped  and 
the  shortness  of  the  time  the  symptoms  have  lasted.  In  general,  more> 
over,  the  prospect  is  better,  the  fewer  the  foci  of  inflammation,  in  males 
than  in  females,  and  in  cases  of  uniform  than  in  those  of  recurrent  or 
relapsing  course.  Preceding  syphilis  does  not  materially  modify  the 
prognosis ;  hence  the  great  importance  of  the  diagnosis  from  syphilitic 
growth,  in  which  suitable  treatment  has  a  most  certain  effect.  The 
ultimate  danger  to  life  is  least  in  focal  myelitis  in  the  dorsal  region ; 
it  is  greatest  in  the  disseminated  form,  especially  in  the  less  chronic 
cases  with  a  tendency  to  sloughing  of  the  sidn,  and  in  the  more 
chronic  forms  with  muscular  wasting.  The  indications  drawn  from 
the  invasion  of  the  respiratory  muscles,  and  from  the  presence  of  any 
of  the  complications  that  so  often  terminate  life,  are  the  same  as  in 
other  diseases  of  the  cord. 

TsBXTMavT.*— The  first  and  most  important  measure  it  the  improve- 
ment of  the  general  health,  by  rest,  change  of  air,  and  tonics.  All 
<»uses  of  physical  and  mental  depression  must,  as  far  as  possible,  be 
removed.  Over-exertion,  and  even  fatigue,  should  be  avoided,  and 
the  patient  should  be  kept,  as  far  as  possible,  from  exposure  to  cold. 
Absolute  rest  for  a  short  time  is  often  useful  at  the  outset  of  the 
treatment,  especially  when  there  has  been  a  somewhat  rapid  develop- 
ment of  symptoms.  In  cases  of  purely  chronic  course  absolute  rest 
should  not  be  maintained  for  more  than  a  few  weeks,  or  the  patient 
may  find  it  hard  to  regain  his  former  muscular  power.  Counter- 
irritation  at  the  situation  of  the  disease  is  often  useful,  and  most  so  in 
eases  in  which  there  is  spinal  pain  or  tenderness.  Bepeated  sinapisms 
or  blisters  may  be  employed,  but  a  mild  form  of  the  actual  cautery  is 
on  the  whole  the  most  useful.  A  superficial  bum  or  even  slight 
vesication  is  sufficient  on  each  side  of  the  spine  opposite  the  affected 
part,  and  it  is  best  effected  by  means  of  the  Paquelin  cauteiy.  It 
should  be  repeated  as  soon  as  the  skin  has  healed,  and  if  linear 
cauterisation  is  adopted  the  fresh  line  can  be  made  beside  the  old  one. 
A  hot  douche  to  the  back,  at  a  temperature  of  108^  or  104''  F.,  applied 
daily,  has  been  strongly  recommended  by  Brown-S^quard.  Warm 
brine  baths,  and  various  thermal  mineral  waters,  have  been  also  said 
to  do  good.  A  sea  voyage  is  often  of  service,  combining  as  it  does 
the  maTJmum  of  fresh  sir  with  the  minimum  necessity  for  exertion. 
Drugs,  unfortunately,  often  fail  to  influence  the  morbid  process,  but 
nevertheless  they  are  occasionally  useful,  so  as  distinctly  to  justify  their 
careful  trial  in  most  cases ;  and  it  is  important  to  remember  that  those 
that  aie  useless  in  one  stage  or  period  of  the  disease  may  yet  be  of 
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unquestionable  seryice  at  another  stage.  Tonics,  as  qimiin6  and  iroii» 
should  be  given  if  indicated.  Most  of  the  measures  reoommended, 
and  pre<:autiQns  advised,  in  the  treatment  of  acute  myelitis  are 
needed  in  the  chronic  form,  and  it  is  therefore  superfluous  to  repeat 
them.  Those  drugs  that  most  deserve  a  trial  are  arsenic,  small 
doses  of  mercury  (such  as  ^  gr.  of  the  red  iodide),  and  iodide  of 
iron.  Energetic  mercurial  treatment  rarely  does  good,  even  when  the 
patient  has  had  syphilis,  and  sometimes  it  does  harm.  Iodide  of 
potassium  seems  to  have  little  influence  on  the  disease.  Nitrate 
of  silver,  ergot,  and  phosphorus  have  been  recommended.  Strychnia 
is  chiefly  useful  in  cases  in  which  there  is  muscular  wasting,  but  is 
of  far  less  value  than  in  the  degenerative  muscular  atrophy.  The 
treatment  of  other  symptoms  is  that  suitable  in  primaiy  spastio 
paraplegia  or  progressive  muscular  atrophy,  and  described  in  ibe 
account  of  those  diseases. 


COMPRESSION  OF  THE  SPINAL  CORD. 

Compression  of  the  spinal  cord  is  a  common  consequence  of  various 
morbid  processes.  Inflammation  is  almost  always  excited  by  the 
pressure,  and  interference  with  fimction  occurs,  partly  from  the 
pressure  and  partly  from  the  resulting  myelitis.  The  symptoms  pro- 
duced have,  in  different  cases,  many  characters  in  common,  although 
they  vary  according  to  the  mechanism  of  the  compression  and  the 
acuteness  of  the  inflammation.  It  is  only  when  theie  are  indications 
that  an  acute  myelitis  has  damaged  the  nerve-elements  that  we  aie 
justified  in  regarding  the  interference  with  function  at  an  effect  of 
the  inflammation. 

Causes. — The  morbid  processes  that  may  compress  the  oord  are 
those  that  involve  an  encroachment  on,  or  occupy  part  of,  the  vertebral 
canal.  The  chief  are  the  following: — ^Disease  of  the  bones  of  the 
spinal  column,  especially  caries;  growths  in  the  spine;  aneurism 
eroding  the  bones  and  then  compressing  the  cord;  growths  in  the 
membranes;  thickening  of  the  dura  mater.  These  processes  have 
usually  only  a  small  vertical  extent,  and  the  pressure  they  exert  rarely 
extends  evermore  than  a  few  inches. 

PATHOLoaicAL  Aw ATOMY.— The  oord  usually  presents  evidence  of 
the  compression  it  has  endured  in  considerable  narrowing  at  the  spot, 
where  it  may  be  indented  and  flattened,  or  cylindrical  Sometimes 
the  reduction  in  size  is  extreme ;  for  an  inch  or  so  the  cord  may  he 
redu  ( d  to  one  third  of  its  normal  diameter,  and  it  has  even  been 
found  no  thicker  than  a  crow-quill.     An  example  of  flattening  is 
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thcwn  in  Fig.  110.  On  the  other  hand, 
there  is  sometimes  yery  little  narrowing 
to  be  discerned.  At  the  compressed  part 
the  cord  is  nsnaUj  red  in  tint  if  the  com- 
presdo  1  is  recent,  but  grey  if  it  has  lasted 
for  some  time ;  its  consistence  is  lessened  in 
earlj  cases,  and  increased  in  those  of  long 
duration.  The  change  in  colonr  and  con- 
sistence is  due  to  the  inflammation  of  the 
substance  of  the  cord  which  always  results 
from  pressure,  and  may  often  be  traced  for 
some  distance  above  and  below  the  com- 
pressed  part.  When  there  is  much  com- 
pression there  is  always  much  inflammation, 
but  considerable  myelitis  may  occur  when 
the  amount  of  compression  is  slight.  The 
inflammation  may  be  chronic  and  slow, 
deyeioping  in  proportion  to  the  pressure,  or 
it  may  be  subacute  or  acute,  even  when  the 
pressure  is  gradual.  The  signs  of  inflam- 
mation are  very  distinct  on  microscopical 
examination,  and  resemble  those  in  other 
forms  of  myelitis.  There  is  a  general  in- 
crease in  the  interstitial  tissue;  in  this,  at 
first,  yarious  cell-forms  may  be  found,  but 
it  ultimately  presents  the  appearance  of  a 
dense  reticulum.  The  nerye-elements  un- 
dergo degeneration,  and  abundant  masses 
of  myelin,  granule  corpuscles,  and  corpora 
amylacea  are  visible  in  the  fresh  state  or 
in  glycerine  preparations  of  the  hardened 
cord  (Fig.  Ill,  c).  Many  nenre-fibres  per- 
sist, however,,  with  a  narrowed  sheath  of 


Tib,  110. — Compretsion  of  the  fpinal  cord  and  prei- 
fure-myelitis,  in  a  CM»e  of  cmrief  of  the  ipine.  D, 
mid-doraal  region,  n*  ar  the  chief  |K>iot  of  greatest 
eompreteioni  the  cord  is  narrowed  from  before 
backwardi,  and  if  aniformly  damaged  by  inflMin- 
mation,  so  that  the  gr«  j  substance  ciin  ^ojirc*  ly  be 
distinguiihed.  C,  1|  inches  hi^^her  up,  shows  a 
slighter  degree  ot  myelitii,  still  extending  through 
the  whole  thickness  of  the  cord.  B,  first  dorsal;  the  myelitis  is  mnch  slighter 
and  the  chief  disease  is  in  the  posterior  columns,  in  which  ascending  degeneration 
oeenpies  the  post.-median  columns  and  extends  outwards  into  the  post.-external 
columns.  E,  li  inches  below  the  point  of  grentt-st  pressure;  inflammation  still 
extending  thiougli  all  the  elements  of  the  cord.  F.  2  inches  lower  down,  ahowt 
only  descending  degeneration  in  the  pyramidal  tracts,  anterior  and  lateral,  and 
also  the  •*  oomma-shaped  **  descending  degeneration  in  the  anterior  part  of  the 
poat.-extemal  column.  In  O,  at  the  lowest  part  of  the  dorsal  region,  the  comma* 
■haped  degeneration  has  censed,  and  only  that  of  the  pyramidal  tracts  remains. 
(Vrom  preparations  by  Dr.  F.  G.  Penrose.) 
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mjelin,  and  it  is  probable  tliat  these  regain  the  power  of  oonduodng^ 
in  gpite  of  the  persistence  of  considerable,  and  even  dense  Mkrofii  in 


zlM^ 


z^> 


Fig.  111. — Pressare-myelitif ;  poHioni  of  the  lection  D  in  Fig.  110  mof« 
highly  magnified.  A,  from  the  grey  matter*  nnmeroos  angalar  and 
foaiform  celU;  vessels  with  vralla  thickened  by  a  growth  of  cells*  nai^ 
rowing  the  cavity,  which  in  some  is  obliterated.  B.  from  the  white 
columns;  thickening  of  the  interstitial  tissae,  nerve-fibrea  in  pact 
destroyed,  in  part  narrowed ;  a  vestel  with  thickened  walla.  C,  glycwine 
preparation  from  white  sul^tance ;  abundant  products  tA  degeneration 
of  the  nerve-fibresy  in  part  aggregated  into  g^nnle  inassea.  D,  section 
of  a  nerve-root  passing  by  compressed  area;  increase  of  interstitial 
tissue,  many  nerve-fibres  narrowed,  some  with  swollen  axis-oylindera. 

the  part.  In  extreme  cases  all  the  fibres  seem  to  be  destrojed  at  the 
point  of  chief  compression,  but  there  is  nerer  an  actual  division  of  the 
cord  itself.  The  grey  matter  can  scarcely  be  distinguished  from  the 
white,  even  with  the  microscope,  and  the  ganglion-cells  become 
shrunken  and  atrjphied.  The  walls  of  the  small  vessels  are  often 
thickened  by  spindle-cells,  disposed  more  or  less  concentrically  to  the 
cavity,  which  is  encroached  upon  and  may  be  obliterated  (Fig.  Ill,  a,  b), 
a  process  that  must  add  to  the  degree  of  damage  to  the  oord.  The 
signs  of  inflammation  gradually  lessen  above  and  below  the  compressed 
part,  but  often  extend  for  some  inches  in  each  directiozL  Beyond  its 
limits  the  usual  ascending  and  descending  degenerations  may  be 
traced  (Fig.  110).  The  nerve- roots  passing  by  the  seat  of  compressioD 
suffer  from  the  pressure,  and  from  interstitial  inflammation  excited 
in  them.  They  are  usually  grey  in  tint  and  ultimately  waste,  and  maj 
even  be  reduced  to  fibrous  threads.  The  microscope  shows  increase  of 
the  interstitial  tissue,  wasting  of  many  nerve-fibres  (Fig.  Ill,  D),and 
enlargement  of  some  axis-cylinders. 
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SnfPTOiiB.— Tbe  effects  rary  much  Moording  to  the  d^ree  of 
jpiesiare,  ita  rapidity,  its  direction,  the  amount  and  chajtbcter  of  the 
inflammation  produced,  the  amount  of  damage  to  the  nerre-roots, 
and  the  position  of  the  disease.  The  symptoms  in  most  cases  enable 
the  fact  of  slow  compression  to  be  inferred,  even  when  there  is  no 
indication  of  the  cause.  Thej  are  of  two  classes :  (1)  interference 
with  the  function  of  the  nerre-roots  at  the  lerel  of  the  morbid  process ; 
(2)  interference  with  the  functions  of  the  cord  itself.  The  cord 
symptoms  consist  chiefly  in  impaired  conduction,  manifested  in  the 
parts  below  the  lesion.  The  central  functions  of  the  cord  (reflex 
action,  AcJ)  at  the  level  of  the  lesion  are  abolished  by  the  pressure,  but 
the  symptoms  of  this  abolition  are  often  lost  in  those  of  the  damage 
to  the  nenre-roots. 

Of  the  root  symptoms  the  most  constant  is  pain,  extending  along 
the  course  of  the  nenre-fibres,  and  through  the  area  of  their  distribu* 
tion.  The  seat  of  these  pains  depends  on  the  position  of  the  disease ; 
they  may  be  felt  in  the  arms,  around  the  thorax  or  abdomen,  or  in 
the  legs.  They  are  usually  sharp  pains,  resembling  neuralgia  in 
character,  sometimes  accompanied  by  tender  points.  Occasionally^ 
when  felt  in  the  limbs,  they  are  referred  especially  to  the  joints.  The 
pain  may  be  intermitting  or  constant.  It  may  even  be  absent,  as  in  a 
case  of  aneurism  of  the  arch  of  the  aorta  already  referred  to.  It  may 
exist  alone  for  a  long  time,  in  a  disease  that  increases  slowly,  and 
sometimes  may  be  the  only  symptom,  although  some  compression  of 
the  cord  occurs.  With  it  there  is  usually  hypersBsthesia  of  the  skin, 
often  intense.  After  a  time  ansssthesia  develops  in  irregular  areas, 
in  spite  of  the  persistence  of  the  pain,— the  condition  termed 
*' anaeHhuia  dolorosa**  Irritation  of  the  motor  nerve-roots  may  cause 
painful  contracture  of  the  muscles,  but  this  is,  on  the  whole,  rare,  and 
the  chief  motor  symptoms  are  due  to  the  interruption  of  the  fibres — 
muscular  weakness,  gradual  in  onset,  and  accompanied  by  wasting. 
The  rapidity  of  the  atrophy  varies  much,  and  with  it  the  electrical 
reaction.  When  slow,  there  may  be  merely  a  progressive  diminution 
in  irritability  to  f aradism  and  voliaism ;  when  rapid,  there  is  often  the 
degenerative  reaction,  and  sometimes  the  ''mixed  form,"  from  the 
partial  damage  to  the  fibres  that  supply  a  muscle. 

These  local  root  symptoms  are  usually  the  first,  and  to  them  are 
added,  after  a  time,  the  indications  of  interference  with  the  function 
of  the  cord  itself.  There  is  weakness  in  the  parts  supplied  from  the 
cord  below  the  lesion.  The  loss  of  power  is  usually  gradual,  but 
sometimes  comes  on  rapidly,  even  in  the  course  of  a  few  hours,  when 
an  acute  myelitis  is  set  up  by  the  compression.  With  the  weakness 
there  is  a  marked  and  early  increase  in  the  superficial  reflex  action, 
more  oonstantly  conspicuous  than  in  most  other  diseases  of  the  cord, 
and  therefore  of  some  diagnostic  importance.  The  myotatic  irrita- 
bility is  also  increased,  a  foot-clonus  being  almost  always  present. 
Pains  in  the  legs  may  occur,  even  when  the  disease  is  above  the 
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lumbar  enlargement,  nsuallj  dnil  and  adiing.  Tbere  is  often  formica- 
tion and  tingling.  There  may  be  no  impairment  of  aensibiliiy  in  the 
parts  below  the  lesion,  even  when  there  is  complete  motor  palsj ;  in 
many  cases,  howeyer,  there  is  some  sensory  loss,  complete  only  when 
the  spinal  lesion  is  rerj  seyere.  Conduction  of  painful  impressions 
xnaj  be  delayed,  sometimes  for  thirty  or  even  forty  seconds.  When 
the  pressure  is  lateral,  one  leg  may  be  first  and  most  affected,  but  the 
other  side  is  usually  soon  involved,  since  neither  the  mechanical  effect 
nor  the  inflammation  remain  limited  to  one  side  of  the  cord.  The 
sphincters  are  often  affected.  The  tendency  to  the  formation  of  bed- 
sores is  rarely  great,  unless  the  lumbar  enlargement  is  compressed  or 
myelitis  descends  into  it. 

The  course  of  the  symptoms  varies  according  to  that  of  their  cause. 
When  an  acute  myelitis  has  been  set  up,  improvement  may  oooor  for 
a  time  even  if  the  cause  of  pressure  is  slowly  progressive.  This  is  true 
also  of  root  symptoms  when  they  are  rapidly  developed.  If  the 
compression  oeases  to  increase,  the  cord  may  recover  its  conducting 
function,  although  it  remains  narrowed.  Sensation  is  often  regained 
in  the  legs  when  motion  remains  absent,  but  both  motion  and  sensation 
may  be  regained  although  the  narrowing  of  the  cord  persists.  It  has 
even  been  found  no  larger  than  a  goose-quOl  at  the  compressed  spot^ 
although  the  paraplegia  had  passed  away.  In  such  a  case  many 
narrowed  nerve-fibres  are  found  in  the  section  of  the  compressed 
portion,  and  it  is  probable  that  many  axis-cylinders  persist,  with  an 
envelope  of  myelin  so  narrow  as  to  be  recognised  with  difficulty*  but 
which  suffices  for  their  conducting  function.  Under  slow  pressme  the 
axis-cylinders  may  not  suffer  interruption,  although  the  myelin  dis* 
appears.  Regeneration  of  axis-cylinders,  as  in  the  peripheral  nerves^ 
is  also  possible.  In  some  cases,  especially  when  a  considerable  myelitis 
has  been  set  up,  the  motor  path  may  recover,  but  the  posterior  columns 
remain  affected,  so  that  power  returns,  but  without  co-ordination*— 
•*  secondary  ataxy  "  resulting. 

The  DiAONOsis  of  slow  compression  rests  on  the  root  and  cord 
symptoms  already  described*  and  especially  on  their  coinddenoe 
with  a  cause  of  compression.  Of  the  former,  the  sensoiy  symptoms 
are  the  most  characteristic.  In  many  cases  other  indications  of 
the  compressing  disease  assist  the  diagnosis.  These  vary  in  character; 
the  most  frequent  is  considerable  local  tenderness  of  the  spine. 
If  root  symptoms  are  absent  the  diagnosis  is  much  more  difficult 
unless  the  morbid  process  manifests  itself  externally.  If  there 
is  a  suspicion  of  compression  in  a  case  of  slow  paraplegia,  an  early  and 
considerable  excess  of  superficial  reflex  action  gives  additional  weight 
to  the  suspicion.  Even  without  any  other  symptoms  to  indicate  com- 
pression, this  is  suggested  by  symptoms  which  bogin  on  one  side  and 
gradually  spread  to  the  other. 

The  chief  disease  from  which  compression  of  the  spinal  cord  has 
to  be  distinguished  is  a  subacute  or  subchronic  transverse  myelitis. 
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Besides  the  indications  of  a  cause  of  compression  slreadj  mentioned* 
the  chief  distinction  de^jends  on  the  presence  of  symptoms  indicating 
irritation  of  the  nerve-roots,  and  especially  on  the  &ct  that  these  sym- 
toms  jnrecede  those  of  the  lesion  of  the  spinal  cord  itself.  Although 
a  Texy  chronic  myelitis  is  occasionally  attended  by  much  irritatioi)  of 
the  nerve-roots,  the  symptoms  of  this  succeed,  instead  of  preceding, 
the  damage  to  the  cord,  and  the  conrse  of  chronic  myelitis  is  ofteoi 
mnch  slower  than  is  that  of  most  forms  of  slow  compression.  The 
distinction  from  a  growth  within  the  spinal  cord  rests  chiefly  on  the 
early  occurrence  of  impairment  of  the  central  and  conducting  func- 
tions of  the  cord,  and  also  on  the  partial  distribution,  and  often  slower 
course,  of  the  symptoms.  The  ejects  of  an  intra-medullaxy  growth 
vary  widely  in  different  cases,  and  if  there  is  an  early  irritation  of  root* 
£bres,  the  distinction  may  have  to  depend  on  the  presence  or  absence 
of  the  signs  of  an  external  compressing  process. 

The  diagnosis  of  the  cause  of  compression  is  often  much  more 
difBcult  than  that  of  its  occurrence  The  facts  that  the  patient  is  in 
the  first  half  of  life,  and  that  he  inherits  a  tubercular  tendency,  suggest 
caries.  Slightness  of  root  symptoms  is  also  in  favour  of  caxies  or  a 
tumour  within  the  spinal  cord ;  ^e  presence  of  these  symptoms  does  not, 
however,  render  caries  less  likely,  unless  the  pain  is  extremely  severe 
and  is  greatly  increased  by  movement^— characters  that  should  always 
suggest  a  growth  in  the  bones  of  the  spine.  Boot  symptoms  extending 
over  a  considerable  vertical  area  suggest  pachymeningitiB.  Additional 
details  of  the  differential  diagnosis  will  be  found  in  the  account  of  the 
several  compressing  diseases. 

P&ooNOsis  AST)  Tbbatksnt. — ^Tho  prognosis  depends  on  the  cause» 
and  the  amenability  of  this  to  treatment.  Ajs  a  general  rule,  however, 
the  more  rapidly  the  cord  symptoms  develop,  the  more  chance  there 
is  of  improvement,  because  the  greater  share  does  inflammation  ta.k» 
in  their  production.  The  treatment  is  that  of  the  cause  of  the  com* 
pression,  and  that  of  myeUtis. 


ANTERIOR   POLIO-MTELITIS;    ATROPHIC    SPINAL 
PARALYSIS- 

In  certain  diseases  of  the  spinal  cord,  wasting  of  the  muscles  is  a 
prominent  symptom.  In  these  the  lesion  involves,  exclusively  or  in 
part,  the  anterior  grey  cornua,  and  the  muscular  atrophy  depends  on 
the  destruction  of  the  nerve-cells,  from  which  the  motor  nerve-fibres 
proceed,  and  on  the  consequent  degeneration  of  the  fibres.  The  mus- 
cular wasting  does  not  depend  on  the  nature  of  the  lesion ;  it  occnxs 
equally  whether  the  nerve-cells  are  destroyed  by  hsBmorrhage,  by  ixic 
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flaminatioii»  acute  or  chronic,  bj  slow  degeneratien,  or  bj ; 
But  the  rapiditj  with  vhich  the  destruction  occurs  influenow  the 
character  of  the  symptosL.  Time  is  required  for  the  change  in  the 
nutrition  of  the  muscles ;  one  or  two  weeks  elapse,  eyen  in  the  most 
acute  cases,  before  wasting  is  distinct.  The  nerre-cells  also  form 
part  of  the  voluntary  motor  path,  and  their  disease  at  once  interrnpts 
this ;  hence,  in  acute  cases,  paralysis  is  rapidly  developed,  and  the 
atrophy  succeeds  it  after  an  interraL  In  chronic  lesions,  on  the  other 
hand,  the  changes  in  the  cells  and  muscles  progress  so  slowly  that  the 
weakness  and  wasting  appear  to  come  on  together.  The  wasting  may 
even  seem  to  precede  the  weakness,  but  a  careful  examination  will 
show  that  power  is  defective  as  soon  as  there  is  distinct  atrophy.  It 
is  customary  to  separate  the  two  groups  by  terming  those  in  which  the 
palsy  precedes  wasting,  "  atrophic  spinal  paralysis ; "  and  those  in 
which  wasting  is  apparently  simultaneous  with  weakness,  '*  spinal 
muscular  atrophy." 

The  atrophic  paralyses  are  due  to  an  acute  or  subacute  process  i» 
the  anterior  comua.  The  lesion  is  probably,  in  most  cases,  infiamma" 
tory  in  character,  a  comual  myelitis,  or  "polio-myelitis"  (Kussmaul). 
In  some  cases,  which  differ  chiefly  in  the  suddenness  of  the  onsets  it  is 
probable  that  the  lesion  is  hsamorrhage  and  not  inflammation. 

The  chronic  atrophies  are  due  to  a  slow  degeneration  of  thecells  and 
fibres.  Between  the  two  forms,  however,  we  meet  with  others  of  inter- 
mediate course,  subacute  or  subchronic,  due  to  processes  of  oorrespoiid- 
ing  character, — ^usually  inflammation. 


AcuTB  Atbophio  PAfiALTem;  Aoutb  Aittxbiob  PoLio-naLms. 

Infantile  Paralysia ;  Essential  Paralysis  of  Children. 

Acute  atrophic  paralysis  is  a  disease  in  which  voluntary  power  is 
lost  in  the  course  of  a  few  hours  or  days,  and  in  which  some  of  the 
paralysed  muscles  undergo  rapid  wasting  while  others  recover.  The 
onset  of  the  palsy  is  often  preceded  or  accompanied  by  indications  of 
general  disturbance.  The  musdes  which  waste  usually  remain  weak, 
and  contraction  of  their  opponents  may  lead  to  permanent  distortion 
of  the  paralysed  limbs.  Although  it  is  usually  a  form  of  acute 
myelitis,  its  characters  and  course  are  sufficiently  special  to  make  its 
separate  consideration  desirable.  The  disease  is  the  most  comnum 
form  of  paralysis  in  young  children,  and  has  hence  received  the  name 
of  "  infantile  paralysis."  Before  anything  was  known  of  the  lesion  on 
which  it  depends,  it  received  (from  Billiet  and  Barthez)  the  unmean- 
ing designation  of  the  "  essential  paralysis  of  children,"  a  term  that  is 
falling  into  merited  disuse.  The  spinal  lesion  was  first  demonstrated 
by  Prevost  (1865),  and  soon  afterwards  by  Lockhart  Clarke  and  by 
Charcot  and  Joffroy.  Its  constancy  has  been  abundantly  proved  by 
numerous  observations  during  the  last  thirty  years.    The  oocurrenoeof 
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nmilar  sjmptoins  in  adults  was  noted  bj  Yogt  (1858)  and  DuchenxM 
(1864). 

ETIOI.OOT. — The  disease  oocnrs  at  all  ages,  bat  is  ten  times  as 
frequent  in  the  first  decade  as  in  all  the  rest  of  life.  It  is,  moreover, 
especially  a  disease  ci  later  infancy.  Of  the  cases  in  early  life, 
three  fifths  occur  in  the  first  three  years  of  life,  nearly  one  fifth  in 
each  year.  The  numbers  in  each  successive  year  (of  214*  cases  of 
which  I  have  notes)  were — in  the  first  54,  the  second  58,  third  39, 
fourth  17,  fifth  23,  sixth  8,  seventh  4,  eighth  6,  ninth  5.  Of  the 
cases  that  begin  diu"ing  the  first  year,  nearly  all  begin  in  the  second 
six  months ;  the  earliest  of  the  series  occurred  at  two  months,  but 
one  at  the  twelfth  day  is  described  by  Duchenne.  The  friends  often 
date  the  disease  from  birth,  but  there  is  no  real  evidence  of  its  intra- 
uterine development.  After  childhood  it  is  most  frequent  between 
ten  and  twenty,  and  very  rare  over  forty.  One  case,  however, 
oocurred  at  sixty-three.  Many  supposed  subacute  cases  in  adults 
have  been  examples  of  multiple  neuritis. 

In  childhood  the  two  sexes  suffer  nearly  equally  (males  138,  females 
106,  in  286  cases),  but  after  ten  the  malady  is  almost  confined  to  the 
male  sex.  The  influence  of  heredity  is  small,  but  a  family  tendenqr  to 
suffer  may  now  and  then  be  traced ;  two  and  even  three  brothers  or 
sisters  have  been  affected  (SeeligmliUer,  Iks.).  One  of  my  own  patients 
had  a  sister,  and  another  two  cousins,  affected  with  the  same  disease. 
When  more  members  of  a  family  than  one  are  affected,  they  usually 
suffer  simultaneously.  The  inherited  tendency  may  be  indirect;  of 
a  patient  in  whom  the  disease  came  on  in  adult  life,  two  brothers  had 
sidSered  from  hemiplegia  and  an  uncle  from  paraplegia. 

The  disease  presents  a  remarkable  relation  to  season,  occurring  fax 
more  frequently  in  summer  than  in  winter.  Sinkler,  who  first  called 
attention  to  the  fact,  found  that  in  Philadelphia  four  fifths  of  the 
eases  commenced  in  the  five  hot  months.  May  to  September.  In  this 
countxy  the  relation  is  equally  apparent ;  three  quarters  of  the  cases 
occur  during  the  hottest  third  of  the  year,  June  to  September.  The 
distribution  of  160  cases  was  as  follows: — 3  occurred  in  January, 
5  in  February,  in  April  2,  May  3,  June  22,  July  32,  August  37, 
September  25,  October  15,  November  8,  December  8.  In  many  cases 
the  weather  was  rerj  hot  at  the  time ;  in  some,  however,  the  disease 
came  on  in  cooler  weather  after  a  hot  period.  It  would  therefore 
seem  that  the  heat  generally  acts  as  a  remote  cause,  and  is  only 
occasionally  concerned  directly  in  the  exciting  mechanism.  The  fact  is 
the  more  important  because  cold  has  long  been  regarded  as  the  most 
potent  exciting  cause.  That  exposure  to  cold  is  an  occasional  cause  is 
certain,  although  the  number  of  cases  in  which  it  can  be  traced  is  not 
large ;  and  it  is  usually  a  general  and  not  a  local  exposure,  and  has  not 
often  been  immediately  preceded  by  exposure  to  heat.    Exceptions  are 

•  of  Uiese  214  cams  116  were  teen  »ud  analysed  by  Sir  W.  Gowers,  and  98  by 
Dr.  jMMfl  Taj  lor.    They  indade  both  hospital  and  priyiite  casee. 
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dnsBj  met  witb  in  adults.  Thus  one  patient*  aged  sixteen,  when 
perspiring  from  a  long  ride  after  the  hounds  on  a  hot  day  in  Sq>temher, 
laj  down  on  a  sofa  beneath  an  open  window  from  which  a  draught 
blew  on  his  back.  Two  days  afterwards  the  first  symptoms  com- 
menced. In  another  case  the  onset  followed  a  day  on  a  steamer  in 
cold,  wet  weather,  preceded  by  much  paddling  in  the  sea  during 
extreme  heat.  I  have  sereral  times  known  the  disease  to  be  due  to 
sitting  on  damp  grass.  Two  or  three  days  is  the  interval  which  usaallj 
elapses  between  the  exposure  to  cold  and  the  onset  of  the  symptoms, 
but  great  variations  are  met  with,  and  the  constitutional  disturbance 
may  commence  within  twenty-four  hours  of  the  exposure. 

Over-exertion  in  walking  seems  occasionally  to  aid  in  exciting  the 
disease ;  in  some  cases  the  child  has  walked  f^  more  than  was  proper 
the  day  before  the  onset,  and  in  others  habitual  over-exertion  has  been 
permitted.  A  traumatic  influence,  such  as  a  fall,  occasionally  pre- 
cedes the  onset  in  such  a  way  as  to  make  its  influence  probable. 
Thus,  in  one  severe  case,  a  boy  eight  years  old  was  thrown  over  the 
head  of  a  donkey,  and  the  onset  occurred  five  days  afterwards.  A 
girl  of  four  fell  off  a  chair,  striking  her  head,  and  was  stunned  for  a 
moment ;  two  days  later  she  was  sick  and  feverish ;  the  temperature 
(101^)  continued  raised  till  the  sixth  day,  when  general  loss  of  power 
was  foimd,  and  the  residual  state  was  atrophic  palsy  of  both  legs  and 
the  right  deltoid.  The  cases  following  falls  and  over-exertion  present 
the  same  relation  to  season  as  do  the  rest. 

There  is  no  proof  of  any  relation  between  the  disease  and  the 
process  of  dentition.  The  period  of  dentition  coincides  with  the  rapid 
functional  development  of  the  nervous  pystem  which  succeeds  its 
structural  development  in  the  first  few  months  of  life.  Moreover 
this  period  is  often  one  of  deterioration  of  health,  in  consequence  of 
changes  of  diet  and  other  causes.  The  disease  occurs  before  and 
after  the  period  of  teething,  and  it  exhibits  no  increase  in  frequenirf 
at  the  period  of  the  second  dentition. 

Many  children  are  perfectly  well  at  the  time  when  the  disease 
occurs.  A  few  are  in  conspicuously  defective  health.  Thus  in  one 
case  the  child  had  been  rendered  feeble  by  long-continued  diarrhcea^ 
I  have  only  once  seen  the  disease  in  the  subject  of  inherited  syphilis. 
It  has  been  thought  to  be  occasionally  secondary  to  acute  febrile 
diseases,  but  the  frequency  of  the  relation  has  been  unquestionably 
overrated ;  in  some  supposed  cases  in  adults  there  has  been  multiple 
neuritis  only,  and  in  children  initial  general  disturbance  is  constantly 
mistaken  for  an  independent  general  disease,  and  the  opinion  is  often 
maintained  after  the  discoveiy  of  the  paralysis,  which  is  then  sup- 
posed to  be  of  secondary  origin.  Thus  in  one  case  initial  pyrexia, 
headache,  and  vomiting  were  supposed  to  indicate  scarlet  fever. 
Paralysis  of  all  four  limbs  came  on,  with  difficulty  in  swallowing,  and 
the  latter  was  supposed  to  render  certain  the  diagnosis  of  scarlet 
fever,  although  there  was  no  sore  throat  or  rash.    In  older  children 
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•nd  adiilts  the  disease  is  often  thouglit  to  be  secondaiy  to  rheumatic 
feyer,  in  consequence  of  the  rheumatoid  character  of  the  pains.  The 
error  is  the  more  likelj  to  occur  if  the  symptoms  follow  exposure  to 
cold.  It  is  conoeiyable  that  catarrhal  afEections  may  be  produced  bj 
the  exposure  to  cold  which  induces  the  disease ;  but  of  the  214  cases 
referred  to  aboYCy  not  one  was  related  to  any  acute  specific  disease, 
or  to  rheumatic  f oyer.  Chronic  alcoholism  has  been  thought  to  be 
a  cause  in  adults,  but  it  is  probable  that  most  cases  supposed  to  be 
due  to  this  influence  haye  been  instances  of  multiple  neuritis. 

Symptoms. — ^The  general  characters  of  the  symptoms  haye  been 
alreadj  mentioned — an  acute  onset,  often  with  constitutional  disturb- 
ance; paralysis,  at  first  wide-spread,  afterwards  passing  away,  except 
from  a  region  in  which  the  muscles  rapidly  atrophy,  and  in  which, 
although  partial  recovery  may  occur,  more  or  less  wealmess  and  wasting 
persust 

The  general  disturbance,  which  is  apparently  due  to  a  morbid 
blood-state,  may  be  seyere  or  slight.  In  most  cases  there  is  pyrexia^ 
with  its  usual  accompaniments,  headache,  prostration,  loss  of  appe- 
tite, restlessness.  Vomiting  is  yery  common*  and  often  causes  the 
iUness  to  be  mistaken  for  stomach  disturbance.  Occasionally  there 
is  also  diarrhoea.  These  symptoms  of  general  disturbance  usually 
last  for  a  few  days,  sometimes  for  only  a  few  hours,  and  they  are 
occasionally,  but  not  often,  absent.  The  palsy  deyelops  in  most  cases 
in  the  course  of  this  disturbance.  A  common  history  is  for  a  duld 
to  seem  ill  and  f  eyerish,  to  be  put  to  bed,  and  the  n^  morning  to 
be  found  to  haye  lost  power.  In  other  cases  the  febrile  disturbance 
lasts  for  seyeral  days  before  the  paralysis  comes  on.  But  the  relation 
of  the  general  disturbance  to  the  onset  of  the  paralysis  presents 
great  yariations,  which  appear  (from  a  comparison  of  oases)  to  be 
independent  of  any  yariations  in,  or  special  features  of,  the  spinal 
symptoms.  The  constitutional  symptoms  occasionally  succeed  the 
onset.  Thus  a  child,  well  one  day,  was  found  next  morning  to  haye 
both  legs  paralysed*  and  was  f eyerish  and  sick ;  the  general  disturb- 
ance continued  for  a  week.  The  eleyation  of  temperature  is  usually 
moderate  in  d^ree ;  an  example  of  its  character,  in  what  may  be 
it^arded  as  a  fairly  typical  case,  is  that  of  a  child  whose  tempera- 
ture on  the  second  day  of  illness  was  101*2° ;  on  the  third,  101^;  the 
fourth  (on  which  the  palsy  developed),  100^;  the  fifth,  QQ-S**;  the 
sixth,  98°.  It  is  usually,  as  in  this  case,  highest  at  the  commencement, 
and  sometimes  reaches  103°,  104°,  or  even  in  rare  cases  105°.  The 
constitutional  symptoms  are  present  in  most  of  the  cases  in  which  a 
fall  appears  to  excite  the  disease,  and  are  of  the  usual  character ;  they 
are  as  marked  in  the  cases  that  appear  to  be  spontaneous  as  in  those 
that  follow  exposure  to  cold. 

Cc^nyulsions  occasionally  attend  the  onset,  chiefly  in  young  children. 
In  soni<'  instances,  moreover,  the  initial  symptoms  are  those  of  severe 
eerebral  disturbance.    Thus  one  child  had  repeated  general  convul- 
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gions  during  tliirtj  hours,  and  afterwards  was  in  a  state  of  deep  oonia 
for  thirtj-six  hours,  the  temperature  at  the  onset  being  105^.  This 
was  succeeded  bj  slighter  pyrexia  and  prostration  for  three  weeks, 
and  it  was  only  at  the  end  of  that  time  that  general  loss  of  power  ti-as 
found  to  haye  come  on.  The  arms  recovered,  but  atrophic  palsj  per- 
sisted in  the  legs.  In  another  case,  a  child  of  seven  months  became 
ill,  febrile  (102*8°)  and  comatose  with  pin-point  pupils ;  it  remained 
in  that  state  for  four  or  five  days,  and  then  graduallj  reoorered,  but 
with  general  powerlessness,  rigidity  of  the  legs,  and  tenderness  of 
legs  and  back.  The  rigidity  and  pain  passed  away,  but  the  right 
deltoid  and,  to  a  less  degree,  the  biceps  and  triceps,  and  the  whole  of 
the  right  leg  remained  paralysed,  and  presented  characteristic 
atrophy.  In  adults  there  is  sometimes  marked  somnolence  before  the 
onset,  and  occasionally  slight  cerebral  symptoms,  such  as  diplopia, 
giddiness,  or  (very  seldom)  delirium.  A  medical  student  found,  one 
day,  that  he  saw  double;  on  the  next  day  he  felt  giddy,  and  became 
feverish  (102^) ;  he  slept  for  forty-eight  hours,  and  on  the  fourth  day 
found  his  right  arm  was  weak ;  atrophy  of  the  deltoid,  &c.,  followed. 
The  cerebral  symptoms  usually  pass  away  together  with  the  indica- 
tions of  general  disturbance,  and  hence  are  probably  due  to  the  blood- 
state,  but  occasionally  slight  facial  weakness  has  persisted  for  several 
weeks.  In  rare  cases  the  onset  is  accompanied  by  symptoms  of 
slight  transient  spinal  meningitis,  which  must  be  regarded  as  a 
coincident  effect  of  the  cause,  since  the  membranes  may  be  affected 
early.  Thus  a  child,  after  being  feverish  and  vomiting  for  two  days, 
became  universally  rigid,  so  that  stiychnine  poisoning  was  thought  ol 
The  rigidity  passed  away  two  days  later,  when  the  right  arm  and  leg 
were  found  to  be  paralysed.  Another  duld  presented  all  the  sym- 
ptoms of  spinal  meningitis  a  week  after  the  onset  of  paralysis  of  the 
arm,  and  as  they  passed  off  the  leg  also  was  found  ejected.  When 
the  general  illness  is  severe,  the  paralysis  is  often  not  discovered  for 
some  time,  especially  in  a  child ;  the  immobility  of  paralysis  is  often 
mistaken  for  the  in^iia  of  prostration. 

In  older  children  and  adults  another  common  initial  symptom  is 
the  pain  already  mentioned,  sometimes  referred  to  the  muscles,  some- 
times to  the  limbs  generally,  occasionally  to  the  course  of  the  nerves. 
It  is  often  absent,  but  may  be  very  severe  and  accompanied  by  extreme 
tenderness  of  the  limbs.  In  such  cases  the  pain  may  be  supposed  to 
be  in  the  joints,  because  it  is  produced  by  moving  them,  when  it  is 
really  in  the  nerves,  which  are  mechanically  disturbed  by  the  move- 
ment of  the  joints.  In  these  cases  there  is  neuritis,  which  may  come 
on  at  the  same  time  as  the  palsy,  although  independent  of  it.  The 
joints  themselves  may  be  the  seat  of  pain,  and,  when  the  exposure  to 
cold  has  been  severe,  inflammation  of  one  or  more  joints  has  bem 
known  to  come  on  soon  after  the  onset.  Pain  may  be  felt  also  in  the 
back,  usually  dull  and  aching.  It  maybe  severe,  especially  when  there 
are  symptoms  of  spinal  meningitis.    Instead  of  being  initial,  pain  ia 
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die  limbe  naj  succeed  the  onset  of  paralysis,  and  it  oocasionallj  con- 
tinues for  several  weeks,  especiallj  when  seated  in  the  nerre-trunks. 
In  some  cases  in  which  the  onset  and  course  are  characterised  bj 
severe  pains,  the  motor  effects  have  entirely  disappeared  in  course  of 
time»  indicating  that  the  condition  was  one  of  neuritis.  Tingling  or 
formication  in  the  limbs  may  be  described  bj  older  patients,  but  sen- 
sation is  seldom  afEected,  even  temporarilj. 

The  panJjsis  is  almost  always  rapidly  developed.  It  varies  much 
in  its  initial  range.  Only  part  of  a  limb  may  be  affected,  or  there 
may  be  xmiyersal  loss  of  power ;  but  in  the  majorily  of  cases  the  para- 
lysis is  intermediate  between  these  extremes.  Two  or  three  limbs  are 
affected — ^both  arms,  both  l^s,  or  the  legs  and  one  arm.  When  all 
four  limbs  are  paralysed  the  neck  muscles  also  may  be  weak,  and  even 
swallowing  may  be  impaired.  The  other  muscles  supplied  by  the 
eranial  nerves  escape,  as  a  rule,  and  the  sphincters  are  seldom  involved. 
Occasionally  there  is  retention  of  urine,  sometimes  incontinence,  chiefly 
in  severe  cases,  audit  may  then  last  a  long  time.  For  instance,  a  child 
aged  two  and  a  half  years  woke  up  one  morning  with  headache,  fever, 
and  weakness  of  the  legs,  which  rapidly  increased  to  complete  paralysis. 
Four  days  later  the  arms  also  became  weak,  and  in  a  day  or  two  more 
the  urine  escaped  involuntarily.  The  arms  began  to  recoYer  in  six 
weeks,  and  were  well  in  six  months :  both  l^s  wasted  and  remained 
permanently  paralysed;  the  incontinence  of  urine  lasted  for  a  year. 
In  another  case,  with  incontinence  for  a  few  weeks,  the  residual  palsy 
was  in  the  lower  l^s.  As  in  these  instances,  the  symptom  is  met 
with  chiefly  when  the  lumbar  region  is  diseased. 

The  paralysis  may  commence  in  one  limb  and  quickly  spread* 
reaching  its  maximum  extent  in  a  few  hours  to  a  few  days,  but  veiy 
often  the  actual  onset  is  so  rapid  or  so  escapes  careful  observation  in 
consequence  of  the  general  illness  that  all  the  parts  first  affected  are 
found  to  be  paralysed  when  it  is  discovered.  Occasionally  the  onset 
is  in  two  distinct  stages,  separated  by  a  few  days ;  sometimes  the  bss 
of  power  develops  slowly  in  the  course  of  one  or  even  two  weeks,  in 
cases  that  must  be  regarded  as  "  subacute,'*  but  do  not  differ  in  other 
respects  from  the  ordinary  form.  Examples  of  the  common  onset  have 
been  abeady  given;  as  another,  may  be  mentioned  the  case  of  a  boy, 
aged  a  year  and  four  months,  who  one  day  seemed  ill,  was  sick,  and 
was  put  to  bed.  The  next  day  he  could  scarcely  stand  alone ;  on  the 
following  day  he  could  neither  move  the  legs  nor  sit  up  in  bed.  In 
about  ten  days  the  left  leg  began  to  improve,  but  there  was  enduring 
paralysis  and  wasting  of  the  whole  of  the  right,  and  of  the  lower  part 
of  the  left  leg.  In  another  case,  a  child  seemed  ill,  and  was  kept  in 
bed  for  five  days ;  on  the  third  day  it  was  noticed  that  the  left  arm 
was  not  moved  so  much  as  the  right,  and  by  the  fifth  day  the  arm  was 
quite  powerless ;  at  the  end  of  a  fortnight  improvement  commenced. 
In  the  adult,  the  mode  of  onset  presents  nearly  the  same  characters. 
A  lady,  twenty-five  years  of  age,  sat  down  for  some  Lme  on  wet  grass. 
VOL.  !•  26 
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Two  days  later  geneml  rheumatic  pains  came  on,  which  were  very  severe 
in  the  legs  on  the  following  day»  and  the  legs  were  distinctly  weak.  In 
the  course  of  the  next  forty-eight  hours  the  arms  also  became  feeble,  and 
at  the  end  of  a  week  she  could  scarcely  move  her  arms,  and  her  legs 
were  absolutely  paralysed.  In  a  fortnight  improvement  commenced, 
first  in  the  arms  and  then  in  the  feet ;  but  the  hip  and  thigh  muscles 
remained  paralysed  and  rapidly  wasted. 

Cases  are  sometimes  seen  similar  in  other  respects  to  those  now 
under  consideration,  but  in  which  the  paralysis  comes  on  suddenly, 
and  without  general  disturbance.  Thus  a  child,  aged  two,  was  walking 
along,  when  he  suddenly  could  not  stand,  and  fell  down  on  his  kne^ ; 
both  legs  were  powerless.  Slow  improvement  followed  in  the  left  leg, 
and  wasting  in  the  right.  The  suddenness  of  the  onset  makes  it 
probable  that  the  lesion  is  haemorrhage,  and  not  simple  inflammation. 
Spinal  hsemorrhage  is  known  to  occur  in  early  childhood.  Hence^ 
while  we  must  class  these  with  the  other  acute  spinal  atrophies,  we  are 
not  justified  in  regarding  them  as  cases  of  polio-myelitis,  since  we  do 
not  know  whether  the  hasmorrhage  is  secondary  to  commencing  inflam- 
mation or  is  primary.  The  former  is  probable,  because  the  two  sets  of 
cases  occur  under  the  same  general  conditions  of  onset,  and  hence  thej 
cannot  be  separated.  Moreover,  constitutional  disturbance  is  more 
often  absent  in  cases  of  actually  sudden  onset  than  in  others,  although 
it  is  sometimes  considerable.  Thus  a  child  had  been  ill  for  two  weeks, 
when,  being  able  to  walk  about,  it  suddenly  fell  to  the  ground;  the 
left  leg  was  found  powerless,  and  the  right  weak.  It  is  probable  that 
a  sudden  onset  is  more  frequent  than  is  su^ested  by  the  &ot8  that 
can  be  ascertained,  since  the  palsy  often  comes  on  during  the  night  or 
during  rest ;  for  instance,  in  one  case  a  child  sat  on  a  chair  for  an 
hour,  when  the  left  leg  was  found  powerless. 

In  some  cases  of  sudden  onset  the  initial  palsy  is  univenal,  and  in 
such  cases  as  the  following  it  is  probable  that  a  limited  hssmorrhage 
in  the  cervical  region  causes  rapid  pressure  on  all  the  adjacent 
structures,  which  afterwards  recover  from  the  effects  of  the  pressure. 
A  girl,  aged  seventeen,  suddenly  felt  tingling  in  the  left  hand.  In 
a  few  minutes  the  whole  arm  was  powerless,  and  then  the  right  arm 
became  paralysed.  She  had  a  strange  sensation  at  the  back  of  the 
neck,  and  went  upstairs ;  as  she  was  going  up,  her  legs  became  weak, 
first  the  left  and  then  the  right.  In  less  than  half  an  hour  from  the 
time  of  the  first  symptom,  there  was  absolute  universal  paralysis,  with 
difficulty  in  breathing  and  in  swallowing.  Improvement  (in  the 
opposite  order  to  the  onset)  commenced  the  same  evening  and  was 
complete  in  about  six  weeks,  with  the  exception  of  the  musdea  of  the 
left  forearm  and  hand,  which  rapidly  wasted  and  were  permanently 
paralysed  and  atrophied.  Another  girl,  while  walking  across  a  road, 
suddenly  felt  a  "  sort  of  shock  "  as  if  someone  had  given  her  a  knock 
between  the  shoulders.  She  became  giddy,  and  instantly  felt  tingling 
in  both  anps,  especially  in  the  right,  which  became  weak  before  she 
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had  got  to  tbe  other  aide  of  the  road.  ITltimatelj  the  anxifl  reooYered« 
but  permanent  paralysis  and  wasting  of  the  intrinsic  mnsdes  of  each 
hand  were  left. 

The  initial  loss  of  power  is  as  a  role  far  more  eztensiTe  and  serare 
than  the  permanent  affection;  in  a  small  nnmber  of  cases  the 
two  correspond.  But  the  extent  of  the  early  palsy,  that  of  the 
enduring  atrophy,  and  the  relation  between  the  two,  Taiy  extremely, 
so  that  no  general  or  eyen  common  laws  can  be  discovered.  Indeed, 
in  all  features  of  the  disease  rariability  prevails  to  such  an  extent 
as  to  baffle  attempts  to  describe  them  in  general  terms,  and  a  better 
conception  of  the  malady  can  be  gained  from  such  illustratiye  instances 
as  are  here  given  than  from  general  descriptions.  One  general  &et 
is  unfortunately  true  of  almost  all  cases,  namely,  that  the  palsy 
scarcely  ever  passes  away  entirely,  and  that  where  wasting  occmsb 
wasting  remains. 

After  the  paralysis  has  reached  its  height  and  ceased  to  increase  or 
spread,  whether  IJie  point  is  attained  suddenly  or  rapidly  or  slowly. 
It  remains  stationary  for  a  time,  which  varies  from  a  few  days  to  nz 
weeks,  and  then  lessens.  The  improvement  occurs  first  in  the  parts 
last  affected,  and  gradually  spreads  until,  usually  at  the  end  of 
£rom  one  to  three  months,  all  parts  have  recovered  except  those  wfaidh 
are  to  be  permanently  affected.  In  these  the  muscles  are  toneless  and 
flaccid  from  the  first,  and  in  two  or  three  weeks  there  is  distinct  wast- 
ing, which  rapidly  increases,  until  the  shape  of  the  limb  is  changed, 
and,  in  extreme  cases,  scarcely  any  of  the  volume  of  the  musde  can 
ultimately  be  detected.  In  fat  children  the  appearance  of  the  limb 
may  be  less  altered,  and  it  seems  that,  in  some  of  these,  an  interstitial 
growth  of  &t  makes  up  for  the  diminution  of  muscular  tissue.  In 
older  children  and  adults  the  muscles  are  often  tender  to  the  touch 
during  the  process  of  wasting. 

When  the  atrophy  is  distinct  the  muscles  no  longer  contract  to 
f aradism,  and,  if  the  motor  nerves  are  tested,  they  also  will  be  found 
to  have  lost  irritability.  The  change  depends  on  degeneration  of 
the  nerves,  and  the  muscles  usually  present  the  *' degenerative 
reaction  "  in  its  characteristic  form.  The  loss  of  faradic  irritability  is 
distinct,  in  severe  cases,  as  early  as  the  end  of  the  first  week,  and  even 
by  the  fifth  or  sixth  day.  In  a  patient,  for  instance,  who  is  universally, 
and  apparently  uniformly,  paralysed,  one  or  more  groups  of  muscles 
may  be  found  to  have  lost  irritability,  and  in  these  we  know  that  there 
will  be  lasting  paralysis  and  wasting,  while  the  other  parts  will  recover. 
In  a  severe  case,  in  which  the  muscles  most  affected  atrophy  completely, 
the  loss  of  faradic  irritability  may  be  permanent.  The  voltaic  irrita- 
bility remains,  increased  in  degree,  for  two,  three,  four,  or  six  months, 
then  slowly  falls,  as  the  muscular  fibres  themselves  degenerate,  and 
ultimately,  at  the  end  of  one  or  two  years,  it  disappears.  It  may, 
however,  persist  for  a  long  time,  if  the  fibres  are  stimulated  by  elec- 
tricity,—*even  for  three  or  four  years,  although  the  paralysis  remains 
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absolute.  In  rare  cases,  electrical  irritabilitjquickljdisappears,  eyen 
to  the  voltaic  current,  from  the  destructlTe  degeneration  of  the 
muscular  fibres.  More  commonly,  after  six  or  twelve  months,  some 
faradic  irritability  returns.  It  may  be  slight,  due  to  the  recovery  of 
a  few  fibres,  insufficient  in  number  to  restore  any  bulk  or  power,  but 
the  new  fibies  which  recover  do  so  perfectly,  so  that  the  irritability 
becomes  normal  in  degree,  although  the  contraction  which  ean  be  thus 
produced  is  vexy  slight  in  amount.  In  other  cases  considonble 
recovery  occurs,  so  that  some  power  and  volume  are  regained, 
although  the  muscles  remain  below  the  normal  size.  In  the  muscles 
which  are  weak  but  do  not  waste  there  is  no  degenerative  reaction, 
although  there  may  be  slight  diminution  of  excitability  to  each 
current. 

The  paralysis,  as  a  rule,  is  motor  only.  Sensation  is  impaired  only 
in  extremely  rare  cases  (about  I  in  50),  in  which  inflammation  in  the 
lumbar  region  is  so  intense  as  temporarily  to  impair  all  the  conduct- 
ing functions  of  the  cord.  Thus,  in  a  girl  aged  five,  in  whom  the 
permanent  state  was  a  symmetrical  atrophy  of  all  the  muscles 
below  the  knees,  with  a  slighter  affection  of  the  thigh-muscles  and 
flexors  of  the  hips,  the  initial  general  loss  of  power  in  the  legs  was 
accompanied,  for  a  few  days,  by  complete  loss  of  sensation  below  the 
knees.  In  the  similar  but  more  severe  case  of  a  boy,  aged  four,  in 
whom  the  lasting  palsy  was  general  throughout  both  legs,  the  ansss- 
thesia  continued  for  two  months.  In  many  cases  there  is  a  histoxy  of 
temporarily  disturbed  sensation  attending  the  ons^,  probably  the 
result  of  oedema  around  the  inflammatory  area.  When  sensation  is 
lost  there  is  always  incontinence  of  urine. 

Beflex  action  necessarily  ceases  in  the  parts  related  to  the  affected 
muscles.  That  from  the  skin  is  at  first  lost  where  there  is  weakness, 
but  it  returns  with  or  soon  after  the  recovery  of  power  in  the  less 
affected  parts.  Where  there  is  persistent  paralysis  it  remains  absent. 
The  myotatio  irritability  is  lost  in  the  same  or  even  greater  degree. 
For  instance,  no  knee-jerk  can  be  obtained  if  the  extensors  of  the 
knee  are  affected  even  in  slight  degree.  The  loss  depends  on  the 
interruption  of  the  muscle-reflex  centre  by  the  disease  in  the  grey 
matt>er.  In  rare  cases  of  severe  cervical  polio-myelitis,  the  inflam- 
mation spreads  beyond  the  grey  matter  to  the  lateral  white  columns ; 
there  is  wasting  of  the  arms,  but  paralysis  without  wasting  in  the 
legs,  and  in  the  latter  the  myotatic  irritability  may  be  increased 
above  the  normal,  so  that  the  foot-donus  may  be  obtained.  In  the 
oourse  of  a  few  months,  however,  the  condition  of  the  legs  becomes 
normal 

A  common  effect  of  the  disease  is  to  retard  the  growth  of  the  bones 
in  the  affected  limb,  so  that  these  gradually  become  shorter  than  their 
f eUows,  and  the  difference  in  size  increases  with  the  amount  of  general 
growth.  Hence,  it  is  greater,  the  younger  the  patient  at  the  onset  of 
the  disease.    If  one  part  of  a  limb  is  moxB  affected  than  another,  the 
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corresponding  bone  suSers  most  in  growth.  The  effect  is  sometimes 
considerable,  when  the  atrophy  is  slight.  SeeligmiiUer  has  described 
the  opposite  effect — an  actual  elongation  of  the  bones,  attributed 
to  the  fact  that  the  growing  epiphyses  suffer  traction  instead  of  the 
normal  compression,  but  this  is  extremely  rare. 

Those  joints  that  depend  for  their  support  on  tendons  which  pass 
over  them  become  lax  when  the  muscles  are  paralysed,  and  the 
articular  surfaces  may  be  no  longer  kept  together.  Thus  when  the 
deltoid  is  wasted  the  head  of  the  humerus  may  fall  out  of  the  glenoid 
cavity.  The  head  of  the  femur  may  fall  from  its  proper  position  in 
the  acetabulum,  and  actual  luxation  may  occur  when  the  paralysis  of 
the  muscles  is  unequal,  and  the  less  af^ted  unopposed  muscles 
undergo  the  secondaory  contracture  immediately  to  be  described. 
That  of  the  abductors  and  rotators  may  cause  infra-pubic  dislocation, 
and  that  of  the  adductors  iliac  dislocation.*  I  have  known  the  patellar 
tendon  to  be  greatly  elongs^ted,  from  the  unopposed  action  of  the 
extensors  of  the  knee,  so  that  their  contraction  caused  the  patella  to 
rise  three  inches  aboTC  its  normal  positioii.f 

During  the  chronic  stage  of  the  disease  there  is  great  tendency  to 
the  occurrence  of  permanent  shortening  of  muscles,  with  consequent 
displacement  of  the  parts  to  which  they  are  attached.  Grave  de- 
formities are  thus  produced.  It  occurs  only  when  the  several  muscles 
acting  on  a  joint  are  unequally  paralysed ;  the  less  affected  muscles 
are  no  longer  subject  to  the  normal  extension  by  their  opponents,  and 
hence  gradually  become  contracted,  and  the  contraction  is  fixed  by 
tissue  changes  in  them,  so  that  they  cannot  be  passively  extended. 
It  niAj  occur  in  muscles  which  are  unaffected,  and  it  is  uncertain  how 
far  it  is  favoured  by  a  slight  degree  of  paralysis.  Posture  also  aids 
the  production  of  those  muscular  contractions,  and  so  also  in  the  case 
of  the  foot  does  the  relative  shortening  of  the  limb. 

Bedsores  are  almost  unknown,  even  in  fiie  acute  stage  of  the  disease. 
A  slight  local  elevation  of  temperature  in  the  most  affected  parts  has 
been  observed  in  the  early  stage,  but  subsequently  the  affected  limb 
is  colder  than  the  other.  This  is  due,  in  part  at  least,  to  the  want 
of  the  aid  to  the  circulation  which  is,  in  health,  supplied  by  the 
muscular  action. 

The  persistent  paralysis  may  occupy  the  whole  or  part  of  one  or 
more  limbs.  The  legs  suffer  three  times  as  frequently  as  the  arms ; 
the  respective  percentage  being  21  and  68.  It  is  less  frequent  for  both 
l^s  or  for  one  arm  to  suffer,  and  still  rarer  combinations  are  those  of 
both  legs  and  one  arm,  of  both  arms,  of  the  arm  on  one  side  and  the 
leg  on  the  other,  while  the  rarest  of  all  is  the  affection  of  leg  and  arm 
on  the  same  side.  The  limbs  on  the  left  side  of  the  body  are  more 
often  permanently  affected  than  those  on  the  right ;  the  difference  is 

•  See  Kereifski, « Arcbiv  f.  kUo.  Chir./  Bd.  szxvii. 
t  In  e  case  shown  me  by  Mr.  Heather  Bigg. 
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greater  in  the  leg  than  in  the  arm.    The  left  leg  ia  paralyaed  alone 
twice  as  often  as  the  right. 

When  the  paralysis  of  a  limb  is  incomplete,  the  part  inyolyedTanei 
much  in  different  cases,  and  as  different  parts  of  two  or  more  limbs 
may  be  affected,  the  combinations  of  palsy  which  resnlt  are  extremely 
Taried.  The  grouping  of  adjacent  muscles  is  sometimes  distinctly  that 
of  functional  association ;  often  it  is  random ;  but  the  most  frequent 
condition  is  to  have  an  irregular  affection  of  the  muscles  that  are 
associated  in  the  centre.  While  the  grouping  is  that  of  function, 
some  of  the  muscles  are  only  slightly  affected,  and  otiiers  suffer  with 
them  that  are  not  functionally  associated.  In  the  l^s,  the  paralysis, 
in  very  severe  and  fortunately  very  rare  cases,  may  be  absolute, 
iuTolTing  all  the  muscles  of  both  Ihnbs.  Usually  it  is  partial,  and 
then  the  muscles  below  the  knee  suffer  mote  often  than  those  aboTe 

the  knee.  The  calf  muscles 
are  affected  less  frequently 
or  in  less  degree  than  the 
muscles  in  front  of  the  tibia 
or  the  peronei.  Hence  talipes 
equinus  is  a  common  defor- 
mity, and  its  occurrence  is 


FiQ.  112.— Old  atrophic  spinal  paralysis. 
Talipes  valgus  in  the  right  leg  from  paia* 
lysis  of  the  anterior  tibial ;  ii  Tarns  in  the 
left,  from  paral.vsis  of  the  peronei* 


Fig.  113. — Atrophic  spinal  paim- 
lyiis,  affecting  cliiefly  the  calf 
mascles,  with  r«talting  contrac- 
tion of  the  flexors  of  the  foot, 
causing  talipes  calcanens. 


aided  by  the  shortening  of  the  limb»  in  consequence  of  which  the 
foot  has  to  be  extended  to  bring  the  ball  to  the  ground.  Either 
the  tibialis  anticus  or  the  peronei  may  be  more  affected,  with  the 
result,  in  the  former  case,  of  talipes  valgus,  in  the  latter  of  talipes 
Tarus.  In  the  case  shown  in  Fig.  112  the  peronei  have  suffered  most 
in  the  left  leg  and  least  in  the  right,  producing  an  unsymmetrical  but 
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coirespondiiig  distortioii  of  the  feet.  This  affords  an  illustratioii  of 
another  fact,  namely,  that  when  there  is  a  partial  affection  of  both  legi 
the  paralysis  may  be  tmsymmetrical  in 
the  two.  Much  less  commonly  the  calf 
mnscles  suffer  more  than  the  others,  and 
there  results  talipes  calcaneus,  as  in  the 
case  shown  in  Fig.  118,  and  the  intrinsic 
muscles  of  the  foot  often  suffer  with 
those  of  the  leg.  In  the  thigh,  the  ex- 
tensors of  the  knee  are  affected  more 
frequently  than  the  flexors,  and  hence 
flexor  contraction  is  very  common,  and 
may  eyen  cause  subluxation  of  the  joint. 
The  flexors  of  the  hip  often  suffer, 
generally  with  the  extensors  of  the  knee. 
Less  commonly  the  glutei  are  involyed, 
but  never  alone. 

In  the  arm,  almost  all  the  muscles  are 
sometimes  affected,  as  in  the  case  shown 
in  Fig.  114,  but  all  are  seldom  entirely 
paralysed.  The  intrinsic  muscles  of  the 
hand  often  suffer;  either  the  thenar 
muscles  or  the  interossei  may  be  most 
damaged.  An  instance  of  such  para- 
lysis of  the  interossei  is  shown  in 
Fig.  115.  The  forearm  muscles  are 
frequently  affected,  but  the  supinators 
may  escape  when  the  other  muscles  are 
inTolyed.  The  deltoid  suffers  more  fre- 
quently than  any  other  single  muscle  of 
the  arm.  It  may  be  paralysed  alone  or  in 
association  with  other  muscles ;  occasion- 
ally the  deltoid,  supra-  and  inf  ra-spinatus, 
biceps,  and  supinators  are  all  involved  in  the  **  upper  arm  type "  of 
palsy  of  Erb*  (see  p.  111).    But  other  muscles  than  these  may  be 


FiO.  114. — Atropliio  spinnl  para* 
ly»i8,  infantile  form.  Wasting 
of  all  the  muscles  of  the  \eH 
arm  from  the  deltoid  down- 
wards, and  of  the  right  ler- 
ifttnt  magnus. 


Fie.  115. — Atrophic  spinal  paralysis  (adult  form)  nffpcting:  the  interossei 
and  thenar  muscles,  and  also  the  deltoid. 


•  8e«  a  paper  hj  Dr.  Beevor,  «Med.-Chir.  Trans.,'  1885. 
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a690ciated  with  the  deltoid.  The  irregularitj  of  the  groaping  is  shown 
by  the  fact  that  the  triceps  is  often  affected  with  these  musdes. 
In  the  case  shown  in  Fig.  115  the  deltoid  and  intrinsic  muscles  of  tha 
hand  were  wasted,  and  no  other  muscles.  The  serratus  magnus  is 
oc'asionallj  afEected  as  in  Fig.  114;  in  this  case,  although  the  left 
arm  had  suffered  sererelj,  as  ^e  figure  shows,  on  the  right  side  only 
the  serratus  was  inyolyed.  With  the  serratus,  the  upper  part  of  the 
pectoralis  major  is  sometimes  associated  in  paralysis  (as  it  is  in 
normal  function,  see  p.  37),  the  lower  part  being  unaffected ;  it  was  so 
in  this  patient.  The  middle  part  of  the  trapezius  and  other  scapular 
muscles  are  occafiionally  involred.  The  neck  muscles  rarely  suffer,  but 
the  diaphragm  is  occasionally  paralysed.  Although  the  intercostals 
and  other  trunk  muscles  are  so  often  weakened  in  the  early  stage,  con- 
siderable permanent  atrophy  is  very  rsxe.  Currature  of  the  spine  is 
sometimes  produced  in  consequence  of  thi$  patient  being  allowed  to 
sit  up  while  the  muscles  are  weak.  It  may  be  a  lateral  or  an  antero- 
posterior curve,  according  as  the  weakness  is  on  one  or  both  sides.  I 
haye  met  with  considerable  depression  of  the  lower  part  of  the  wall 
of  the  thorax  on  the  left  side  from  paralysis  of  the  intercostal 
muscles  at  the  spot,  perhaps  combined  with  hindered  growth  of  the 
ribs.  The  muscles  supplied  by  cranial  nerves  are  scarcely  ever 
affected.  I  have  once  seen  complete  paralysis  of  one  side  of  the  face, 
associated  with  wasting  in  the  limbs,  in  an  otherwise  characteristic 
casCb  and  an  instance  of  affection  of  the  face  and  tongue  has  been 
recorded  by  Pasteur.* 

The  Course  of  the  disease  has  been  already  sketched.  There  ara 
(1)  an  initial  stage  of  paralysis,  rapidly  increasing,  often  accompanied 
with  fever ;  the  duration  of  this  stage  is  from  a  few  hours  to  a  week 
or  even  more ;  (2)  a  stationazy  period,  which  lasts  for  a  week  to  a 
month ;  (3)  a  stage  of  "  regression,"  during  which  the  palsy  passes 
away,  except  from  certain  parts  in  which  wasting  occurs;  this 
regressive  period  usually  occupies  from  one  to  six  months;  (4) 
a  chronic  stage  (overlapping  the  last),  during  which  atrophy  con- 
tinues; slight  improvement  may  occur,  but  contractures  and  de- 
formities are  developed.  The  duration  of  this  stage  is  indefinite, 
because,  wherever  muscular  tissue  remains  and  some  voluntary  power 
returns,  this  slowly  improves,  by  increased  development  of  the  muscle 
under  the  influence  of  use,  and  this  continues  in  slight  degree  for 
years.  This  gain  is  often,  however,  more  than  counterbalanced  by 
the  interference  with  growth,  and  by  the  occurrence  of  deformities. 
Even  in  the  slightest  cases  complete  recovery  is  extremely  rare,  and 
the  limb  remains  smaller  than  its  fellow.  On  the  other  hand,  death 
from  the  disease  is  equally  imcommon,  and  occurs  chiefly  in  the 
early  stage.    It  is  not  improbable  that  some  children  die  from  the 

^  *  Lancet,*  1887,  vol.  ii.  It  is  probable  that  when  tbe  cranial  nerve  naelei  *aiS 
affected,  the  vital  centre*  become  involved  in  most  instances,  so  that  the  patienu  do 

not  survive. 
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initial  diBtarbaxioe  before  its  nature  is  recognised.  Now  and  then 
death  occurs  at  the  end  of  the  first  week  or  ten  days,  from  universal 
paralysis  or  from  some  such  serere  cerebral  disturbance  as  existed  in 
the  cases  mentioned  above,  or  as  followed  the  spinal  lesion  in  a  case 
in  which  paralysis  in  the  arms  came  on  upon  the  third  day  of  the 
initial  fever  and  reached  its  height  on  the  fifth  day,  faradic  irrita- 
bility being  lost  by  the  seventh  in  many  muscles  of  the  left  arm ;  a 
iitUe  rigidity  of  the  neck  then  occurred,  and  on  the  tenth  day  the 
patient  began  to  vomit>  complained  of  increased  headache,  and  had 
hallucinations;  on  the  eleventh  day  he  became  comatose  and  died. 
Bronchial  catarrh  is  an  occasional  cause  of  death,  when  the  respira- 
tory musdes  are  weak. 

Belapses  are  very  rare,  and  occur  chiefly  in  the  form  of  a  separate 
later  extension  of  the  disease.  Second  attacks  are  almost  unknown; 
one  instance  only  was  met  with  in  the  series  of  214  cases. 

8equel£B,  beyond  those  mentioned  as  part  of  the  symptoms  of  the 
disease,  are  also  very  rare.  As  a  rule  the  general  and  nervous  health 
of  the  patients,  and  the  duration  of  life,  are  uninfluenced  by  the  local 
palsy.  In  a  few  cases,  however,  some  other  chronic  affection  of  the 
spinal  cord  has  come  on  when  the  subjects  of  infantile  paralysis  have 
reached  adtdt  life.  Progressive  muscular  atrophy  has  been  several 
timee  observed  to  start  from  the  paralysed  limb,  and  even  to  be 
apparently  excited  by  a  fracture  of  the  bone.*  Acute  and  subacute 
polio-myelitis  in  adult  life  have  also  been  observed  as  a  sequel,  and  I 
have  twice  seen  the  symptoms  of  lateral  sclerosis  slowly  developed,  in 
one  case  at  sevente^i,  in  the  other  at  twenty-eight.  In  the  spinal 
cord  of  the  subject  of  old  infantile  paralysis  there  seems  thus  to 
persist  some  disposition,  slight  though  it  be,  to  fresh  disease,  and  the 
cases  of  lateral  sclerosis  mentioned  show  that  the  liability  to  disease 
is  not  limited,  as  has  been  thought,  to  the  grey  matter.f  The  altered 
structure  of  the  bones  has  been  known  to  facilitate  their  fracture ;  in 
one  case  the  bones  in  the  affected  limb  were  broken  on  three  separate 
occasions  (Dutil). 

Patuologicai*  Akatomt.— For  a  long  time,  infantile  paralysis  was 
believed  to  be  a  peripheral  affection,  having  its  seat  in  the  muscles.  But 
improved  methods  of  examining  the  nerve-centres  have  sliown  clianges 
in  the  spinal  cord  which  have  the  characters  of  an  acute  inflammation 
of  the  grey  substance  of  the  anterior  horns.  The  correspondence 
between  the  infantile  and  adult  forms  makes  it  certain  that  the  latter 
are,  in  most  instances,  of  the  same  nature.  Subacute  atrophic  para- 
lysis in  adults  has  been  found,  however,  to  depend  on  disease  of  the 
nerves  in  some  forms  that  were  thought  to  be  spinal,  but  in  these  the 
palsy  is  strictly  symmetrical,  and  when  it  is  irregular  in  distiibution 
the  disease  is  certainly  identical  with  the  infantile  form. 

Observations  on  the  changes  in  the  spinal  cord  in  the  early  stage 

•  Baymond,  'Prog.  M^,'  1889  ;  DutU,  'Gai.  .Med.  de  PuriD.'  1881. 

t  Compare  Ballet  and  Dutil, '  li«vne  de  Medecine,'  Jauuarj,  1884,  |i.  18. 
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are  few.  A  case  recorded  by  Dr.  D.  Drummond,  in  all  probability 
one  of  this  disease,  is  by  far  the  earliest  on  record,  and  is  indeed  the 
earliest  possible.*  A  child,  five  years  old,  died  after  a  few  hours* 
acute  illness.  The  spinal  cord,  in  the  region  of  the  fourth  and  fifth 
cervical  nerves,  presented  undue  redness  of  the  anterior  grey  matter. 
The  vessels  running  from  the  surface  to  the  comu  were  distended 
with  blood.    The  microscope  showed  distension  of  capillaries  and 

minute  extravasations  in  the 
grey  substance,   swelling  of 
the  neuroglial  elements  and 
of  the  ganglion-cells,  which 
were  granular  with  indistinct 
processes.  Another  important 
early  observation  is  that  of 
Dr.  Charlewood  Tumer,t  six 
weeks  after  the  onset  (Fig. 
116).      In    this    and    other 
somewhat  later  cases,  acute 
changes  have  been  found  in 
the    anterior    comua,    more 
advanced    than    in    Drum- 
mond's  case.    They  are  often 
widely  spread  in  slight  de- 
greie,  and  attain  considerable 
intensity  in  one  or  more  fod, 
usually   in    the    cervical   or 
lumbar  enlargements  or  both. 
At  these  spots  the  anterior 
horn  is  softened;  sometimes 
there  is  heemorrhagic  infiltra- 
tion (Pig.  117),  sometimes  an 
actual  cavity  (Fig.  116,  a,  b). 
llie  microscope  shows  extra- 
vasated  blood  often  massed 
along  the  vessels  (Fig.  116, 
c),  and  scattered  through  the 
grey  matter  with  other  cells 
such  as  are  met  with  in  mye- 
litis.     There  are  also  granule 
corpuscles  and  other  products 
of  degeneration  of  the  nerve- 
elements.      These    elements, 
and    especially    the    motor 
nerve-cells,  have  almost  entirely  disappeared.    Where  the  change  is 
slighter  in  degree  there  is  a  leucocytal  infiltration,  a  few  granule 
corpuscles  are  seen,  while  the  nerve-cells  may  be  structurally  intact* 
•  «  Brain.'  April,  1886.  f  •  Path.  Trans.,'  vol.  xxv.  p.  203. 


Pig,  116. — Acute  anterior  polio-myelitis  in  a 
child  2i  years  old,  six  weeks  after  the  onset. 
(After  Charlewood  Turner.)  A.  Section 
through  the  lowest  part  of  the  lamhar  en- 
largement, showins:  a  cavity  visihle  to  the 
naked  eye.  on  tlie  lett  side.  B.  Lefb  ante- 
rior half  of  the  cord  under  a  low  magnify- 
in  $r  power,  showing  destruction  of  almost 
the  whole  anterior  comu.  o.  Portion  of 
anterior  comu  in  the  upper  part  of  the 
lumbar  enlargement.  Numerona  corpuscles 
lie  in  the  gntnnlHr  protoplasm  and  reticulnra 
of  fine  fibres.  A  small  artery  is  encrusted 
with  several  layers  of  corpuscles  and  nuclei. 
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but  swollen  and  grantdar.    The  morbid  appearances  may  be  con- 
fined to  the  anterior  cornua,  or  maj  extend  in  slighter  degree  into 


*  ^^^  '^^  '*i- .  ■ ' 


Fig.  117. — Acute  anterior  poIio-mTelitis  in  a  child  14  months  old.  Dr. 
F.  B.  Batten's  case.  The  affection  commenced  in  the  lesrs,  but  there 
were  electrical  changes  and  paralTsis  in  the  arms  aa  well.  The  child 
died  suddenly  on  the  fourteenth  day  of  the  illness.  The  section  made 
and  lent  by  Dr.  Batten  shows  marked  engorgement  of  Tessels,  with 
occasionally  Rctnal  extravasation*  small-celled  infiltration,  and  changes 
in  the  anterior  horn  cells. 


the  adjacent  lateral  column,  in  which  the  nerve-fibres  near  the  grej 
matter  maj  undergo  destructiTe  degeneration,  and  other  ngns  ot 
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inflammation  may  be  seen.  The  posterior  oolnmns  are  always  nn- 
affectecL  In  very  severe  cases  there  may  be  signs  of  slight  local 
meningitis  corresponding  in  position  to  the  region  chiefly  affected. 
This  region  corresponds  to  the  origin  of  the  nerres  supplying  the 
muscles  in  which  there  is  most  wasting,  and  the  anterior  nerre-roota 
which  arise  from  this  part  present  the  signs  of  acute  degeneration. 

Such  changes  indicate  a  general  or  interstitial  inflammation  of  the 
grey  matter.  But  some  observations  have  revealed  only  alterations 
in  the  motor  nerve-cells,  which  have  presented  granular  degeneration, 
the  matrix  between  them  being  quite  unaffected.*  This  suggests  that 
there  may  be  a  form  of  polio-myelitis  in  which  the  changes  are 
essentially  parenchymatous  and  not  interstitial. 

At  a  later  period,  years  after  the  onset,  the  appearances  presented 
accord  with  those  described  as  commonly  found  in  the  early  stage, 
allowance  being  made  for  the  difference  in  time.  The  anterior  comu 
at  one  or  more  places  is  shrunken  (Fig.  118),  and  in  part  stains 


FiO.  118.— Atrophic  spinal  (iuf«iitile)  paralysis.  A.  First  lumbar  |  the  left  snttrior 
cornu  is  smaller  than  the  right,  and  its  ganglion*ceIU  have  dlaappeared  with  the 
exception  of  the  inner  gronp.  b.  Fourth  lamhar  i  the  whole  left  half  of  the  eord 
is  smaller  than  the  other,  in  oonseqaence  of  the  diminution  in  site  of  the  anU 
horn.  Of  the  ganglion-cells  onlj  a  few  remain,  belonging  to  the  antero-lateral 
gronp.    Similar  changes  existed  throughout  the  lumbar  enlargement.f 

deeply  with  carmine,  in  consequence  of  its  nervous  structures  being 
replaced  by  connective  tissue,  in  part  less  deeply  in  consequence  of 
"granular  disintegration"  of  the  substance.  The  motor  nerve-oells 
are  absent,  partially  or  entirely.  Sometimes  a  few  shrivelled  cells 
remain,  sometimes  one  or  more  groups  may  be  imaffected ;  or  one  or 
two  nerve-cells  of  normal  appearance  may  alone  remain  (see  Fig.  118). 
Small  foci  of  disease  may  be  seen  in  the  uuaffected  part  of  the 
grey  matter,  and  in  these  the  motor  cells  may  be  smaller  than 
normal ;  the  intervening  plexus  may  have  perished.  When  one  horn 
is  much  damaged,  the  other  may  merely  present  fewer  nerve-cells  than 

*  Rissler^  *  Nord.  Med.  Ark.,'  xx« 

t  For  these  sections  I  am  indebted  to  Dr.  H.  Humphreys,  of  St.  Leonards.  The 
paralysis  came  on  at  one  and  a  half  yean  of  age,  two  years  before  death,  and  involved 
most  of  tbe  muscles  of  the  lelt  leg,  those  of  the  calf  in  greatest  degree^  so  t^at 
talipes  ealcaneos  had  developed. 
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nonnal,  witli  perhaps  a  little  condensation  of  the  interstitial  tissue. 
The  antero-lateral  column  is  usually  lessened  in  size,  and  may  present 
slight  sclerotic  changes,  especiallj  in  a  zone  contiguous  to  the  grej 
substance,  whence  thickened  septa  may  radiate  into  the  white  column. 
This  is  apparently  due  to  the  extension  of  an  intense  inflammation 
of  the  grey  substance  to  the  adjacent  part  of  the  white  column. 
Sometimes  a  slighter  sclerosis  can  be  traced  through  the  lateral 
column ;  this  is  seen  chiefly  in  cases  of  long  duration,  and  is  probably 
secondaiy.  With  extreme  damage  to  both  cornua  there  may  be 
ultimately  great  wasting  of  the  white  columns  on  each  side.*  In 
consequence  of  these  alterations,  the  affected  half  of  the  cord  is 
conspicuously  smaller  than  the  other,  even  to  the  naked  eye,  and  the 
difference  is  greatest  where  the  damage  to  the  grey  matter  is  most 
intense.  The  anterior  nerre-roots  at  the  most  affected  part  are 
small  and  grey,  and  the  degeneration  of  the  motor  fibres  may  be 
traced  down  the  nerye-trunks.  Often  a  few  fibres  present  a  normal 
appearance  although  the  rest  have  perished;  possibly  from  the  sym- 
pathetic system. 

The  muscular  fibres,  in  early  cases,  have  been  found  narrower  than 
normal,  and  in  a  state  of  granular  degeneration,  with  an  increase  in 
the  nuclei  of  the  sheath  and  of  the  interstitial  tissue.  Grannies  and 
pigment  masses  accumulate  between  the  sarcolemma  sheaths.  In 
extreme  oases  (those  in  which  all  electrical  excitability  is  early 
lost)  the  degeneration  proceeds  to  complete  disappearance  of  the 
fibres,  the  place  of  which  is  occupied  by  fibrous  tracts,  developed 
portly  from  the  sarcolemma  sheaths  and  partly  from  the  interstitial 
oonnectiTe  tissue.  It  is  common  to  find,  here  and  there,  a  fibre 
presenting  normal  appearances.  Sometimes  fat  accumulates  in  the 
interstitial  tissue,  so  that  the  reduction  in  the  bulk  of  the  muscle 
may  be  less  than  that  of  the  fibres.  In  slighter  cases,  in  which 
partial  recoyery  takes  place,  some  of  the  fibres  probably  regain  their 
noTxnal  appearance,  eyen  though  they  have  undergone  slight  granular 
degeneration.  Usually,  howeyer,  many  fibres  perish ;  those  which 
xeooyer  are  smaller  than  normal,  and  the  original  yolume  of  the 
musde  is  rarely  regained.  Although  there  may  be  a  permanent  increase 
in  the  interstitial  tissue,  this  undergoes  contraction  and  comes  to 
occupy  but  a  small  bulk.  Muscular  fibres  are  often  seen  that  are 
larger  than  normal,  and  this  is  not  (as  has  been  thought)  a  transient 
condition,  for  it  has  been  obseryed  seventy  and  forty-five  years  after 
the  on8et.t    It  is  perhaps  sometimes  a  true  hypertrophy4 

The  bones  have  been  found  not  only  shorter  than  normal,  but  also 

•  See  '  British  Hed.  JoDmal,'  1887.  p.  187. 

t  Joflhiy  and  Achazd,  'Arch,  de  M^  ezp./  1889;  Dejerine  and  Uuet,  'Aich. 
de  Pbys./  1888. 

t  Dejerine.  It  it  tatd  to  have  heen  met  with  in  mnsdes  totally  pandjsed ;  bal 
ll  m  doabifbl  whetber  "  total  palsy  **  of  a  muscle  exclndet  vnUnntarj  eontraetion  of 
lona  Abree  in  it. 
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Bmaller,  with  their  angles  roxmded,  the  compact  ■ubstaiioe  man 
aniform,  and  the  Hayersiau  canals  smaller  (Joffroy  and  Achard). 

The  brain  has  been  almost  always  found  normaL  In  one  case  with 
BJctensive  paralysis,  of  long  duration,  some  atrophy  was  found  in  the 
motor  region  of  the  cortex  (Sanders).  It  is  probable  that  some 
acute  changes  would  be  found  in  cases  that  die  with  the  cerebral  sym- 
ptoms already  described. 

No  observations  have  as  yet  been  made  on  the  acute  primaiy  poly- 
neuritis that  seems  occasionally  to  coincide  with  the  inflammation  of 
the  cord,  perhaps  sometimes  to  exist  alone  without  any  cord  affection.* 
It  is  probable  that,  in  the  cases  in  which  the  nerves  are  tender  in  the 
middle  of  their  course,  the  sheath  will  be  found  inflamed,  and  only 
the  motor  fibres  will  present  such  signs  of  secondary  degeneration  as 
always  result  from  the  lesion  of  the  cord. 

PATHOLoaY. — Both  the  character  of  the  lesion  and  its  mode  ol 
onset  suggest  that  it  is  inflammatory  in  the  majority  of  cases.  In  rare 
instances,  as  already  stated,  the  almost  instantaaeoua  onset  makes 
it  probable  that  the  lesion  is  different  in  character,  is  yascular  in 
its  nature,  probably  haemorrhage.  It  is  likely  that  these  cases  are 
reaUy  hsemorrhagic  myelitis,  in  which  the  usual  initial  rascalar  dis- 
turbance is  so  severe  as  to  produce  an  extravasation.  Signs  of  inflam- 
mation do  not  precede  the  sudden  onset. 

The  symptoms  are  well  explained  by  the  pathological  facts  that 
have  been  ascertained,  extended  by  the  simple  inferences  that  are 
indicated  by  the  symptoms.  The  lesion  interrupts  the  motor  path, 
causing  inmiediate  palsy,  which  results  from  damage  to  the  oeDs  and 
nerve-plexus  of  the  grey  matter,  whether  slight  or  severe.  The 
recovery  of  the  slightly  damaged  structures  restores  the  voluntary 
path,  and  even  if  the  fibres  from  the  cells  degenerate,  thej  seem  to 
regain  normal  nutrition  by  regeneration  when  the  cells  recover.  But 
when  the  motor  cells  are  destroyed  the  fibres  from  these  degene- 
rate permanently.  As  the  slighter  damage  is  usually  far  wider  than  the 
destruction,  the  initial  palsy  is  more  extensive  than  the  persistent 
atrophy,  and  the  extent  of  such  is  purely  a  matter  of  this  relative 
area  of  trifling  and  severe  degree  of  lesion.  Nerve-ceUs  that  are 
destroyed  are  never  renewed,  and  hence  the  permanence  of  the  museolar 
wasting  that  depends  on  such  destruction.  When  a  few  nerve-cells 
escape  destruction,  a  few  nerve-fibres  recover  and  a  little  muscle-tissue 
remains,  too  slight,  it  may  be,  to  be  of  use.  The  occasional  interference 
with  the  conducting  tracts  in  the  white  colunms  is  explained  by  the 
obvious  extension  of  the  inflammation,  which,  when  very  intense,  may 
even  spread  through  all  the  structures  of  the  cord,  as  in  the  rare  cases 
in  which  sensation,  as  well  as  motion,  is  lost.  But  such  cases,  which 
are  most  rare,  differ  from  true  transverse  myelitis  in  the  rapidity  with 

*  As  was  probably  the  cute  in  two  eases  of  paralysis  in  children  sbowB  to  the 
Harveian  Society  of  London  by  l>r.  Leonard  Guihrie^ '  Lancet,'  1807,  voL  l»  pu  448. 
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which  the  damage  restricts  itself  to  its  special  seat,  and  sensory  con- 
duction is  restored.  The  fact  that  the  disease  of  the  sensory  tracts  is 
only  secondary  and  trifling,  is  emphasised  by  the  fact  that  even  in  these 
cases  there  are  never  the  acute  bedsores  that  would  surely  ensue  in  a 
case  of  true  transverse  or  total  myelitis  of  corresponding  seat. 

The  observations  mentioned  on  p.  412  suggest  that  there  are  two 
varieties  of  the  inflammation  of  the  grey  matter,  such  as  we  have 
recognised  in  myelitis  generally;  a  parenchimatous  inflammation 
consisting  in  a  prituary  change  in  the  nerve-cells,  and  an  interstitial 
or  general  inflammation,  as  in  the  common  forms  of  myelitis,  in- 
volving the  nerve-ceUs  only  as  one  of  many  structures  equally  damaged 
by  a  process  that  has  no  special  relation  to  the  nerve-elements.  The 
distinction  is  important,  because  we  should  expect  to  find,  in  the 
former  cases,  a  wider  slight  initial  affection  than  in  the  others,  and 
fin^Uy  a  more  definite  relation  to  function  in  the  parts  diseased. 

The  true  pathology  of  the  malady,  its  relation  to  its  causes,  is  still 
obscure.  The  one  salient  fact  that  we  can  discern,  though  scarcely 
define,  is  the  evidence  of  a  blood-state  afforded  by  the  general  sym- 
ptoms. That  these  symptoms  are  not  the  consequence  of  the  local 
inflammation  is  shown  by  their  disparity  in  degree,  and  difference  in 
time.  It  is  probable,  therefore,  that  the  spinal  lesion  is  not  the  cause 
of  the  constitutional  disturbance,  but  is  rather  an  effect  of  the  cause  of 
the  latter.  It  seems  impossible  otherwise  to  understand  the  extreme 
Tariation  in  the  two  forms  of  disturbance.  But  we  have  no  evidence 
as  to  the  nature  of  the  blood-state,  and  there  are  no  other  effects, 
commonly  associated  with  the  myelitis,  to  indicate  the  general  patho- 
logical tendency  of  its  cause.  The  closest  analogy  is  with  some  forms 
of  neuritis,  and  this,  as  we  have  seen,  may  co-exist  with  the  spinal 
lesion,  as  a  consequence,  at  any  rate,  of  exposure  to  cold.  Indeed,  it 
is  probable  that  the  inflammation  of  the  nerves  is  the  chief  or  even  the 
only  morbid  process  in  some  of  these  cases.  On  the  other  hand,  it 
must  be  noted  that  in  the  epidemics  of  the  disease,  there  were,  besides 
eases  of  spinal  cord  disease,  simultaneous  eases  in  the  same  places  in 
which  the  evidence  pointed  to  an  analogous  inflammation  in  the  cere- 
brum. In  one  epidemio,  the  American  one,  the  lower  animals  also 
suffered  (see  p.  416) .  The  variations,  alike  in  the  general  symptoms  and 
in  the  inflammation  of  the  cord,  and  especially  the  indications  that  the 
latter  may  be  either  parenchymatous  or  interstitial,  suggest  that  the 
causal  blood-state  also  varies  in  different  cases.  We  have  no  indication 
of  the  way  in  which  the  remarkable  relation  to  season  is  produced, 
whether  by  predisposing  the  individual  or  favouring  the  development 
of  some  toxic  agent.  We  must,  however,  recognise  as  an  essential 
element  the  predisposing  influence  of  age,  which  we  may  associate 
with  the  &cts  that  the  structural  development  of  the  nervous  system 
is  complete,  bat  the  function  of  the  nerve-elements  must  lack  the 
stability  that  comes  only  from  continued  use,  and  that  the  period  is 
generally  that  which  coincides  with  the  first  serious  demand  on  the 
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functional  energy  of  the  grey  matter  of  the  cord.  We  may  remembek 
also  the  yaaoohu'  activity  that  all  function  entails,  and  the  readinait 
with  which  the  yaso>motor  system  of  children  is  disturbed.  lastly 
the  occurrence  of  the  disease  in  more  than  one  member  of  the  same 
family  indicates  a  congenital  disposition  of  the  system  to  react  in  a 
similar  manner  to  certain  external  agencies,  while  a  special  feature  in 
the  latter  may  perhaps  explain  the  occasional  epidemic  character  of  a 
disease,  and  furnish  grounds  for  asoribing  to  it  an  "infectiTe" 
character.*  The  oTidence  available  suggests  that  it  is  probably  due  to 
some  chemical  change  in  the  blood  analogous  to  that  which  seems  to 
cause  rheumatic  fever,  though  probably  distinct  from  it — a  change 
excited  by  cold,  disposed  to  by  the  effect  of  heat,  the  result  of  some 
derangement  of  metabolism  which  we  cannot  yet  imderstand,  and 
perhaps  having  underlying  these  effects  some  organismal  cause.  This 
hypothesis  does  not  exclude  the  action  of  traumatic  influences  in 
determining  the  disease.  Such  a  glimpse  of  its  pathological  relations 
is  all  that  we  can  at  present  obtain. 

Diagnosis. — ^This  rarely  presents  any  difficulty  except  in  the  early 
stage.  When  the  initial  paralysis  is  passing  away,  and  the  wasting  is 
distinct,  the  nature  of  the  case  is  sufficiently  evident,  and  is  cor- 
roborated by  the  electrical  reactions,  by  the  loss  of  reflex  action,  and 
by  the  absence  of  any  impairment  of  sensibility.  At  the  onsets 
however,  the  symptoms  may  readily  be  misinterpreted.  The  most 
common  error  is  to  attach  too  much  importance  to  vomiting,  and 
to  r^ard  the  attack  as  simply  gastric.  General  dbtorbance  is 
naturally  ascribed  to  some  general  cause  until  nervous  symptoms 
mamfest  themselves.  Even  then  there  is  risk  of  error.  On  the  one 
hand,  as  we  have  seen,  a  diagnosis  of  a  general  disease  is  not  always 
relinquished  when  paralysis  appears,  but  the  latter  is  regarded  as 
secondary.  On  the  other  hand,  especially  in  young  children,  the 
existence  of  paralysis  is  often  overlooked  at  first,  and  it  is  supposed 
that  the  cbild  do  s  not  move  because  it  is  prostrate.  This  error  will 
not  be  made  if  it  is  remembered  that  mere  prostration  seldom  oaoses 
total  immobility,  and  d  fortiori  it  does  not  produce  local  immobilitj. 
When  the  pyrexia  ceases,  and  the  loss  of  power  persists  and  increases, 
the  existence  of  paralysis  is  always  unmistakeable.  The  initial  general 
disturbance  must  then  be  regarded  as  part  of  the  disease  unless  there 
is  the  clearest  evidence  of  its  independent  nature. 

In  adults,  the  danger  of  mistaking  paralysis  for  prostration  is  con- 
siderably less,  but,  on  the  other  hand,  the  general  symptoms  axe  as 
likely  to  be  misinterpreted  as  in  the  case  of  children.  The  rheuma- 
toid pains,  which  are  so  common,  are  usually  regarded  as  evidence  of 
acute  rheumatism,  especially  when  the  affection  follows  exposure  to 
cold.     Whenever  rheumatoid  pains  are  not  localised  in  the  joints 

•  See  Meaiti. « Near.  Cent./ 1896,  p.  1120 ;  Buccelli,  <  N«-ar.  Gent,'  1897,  p. 798| 
8owerby,  *  Jotirn.  Am.  Med.  Amaoc,,'  Janoaiy,  1896 1  Psateor,  *  Trans,  Clin.  Soe«* 
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mod  especiallj  when  tliej  axe  spontaneoiu,  and  not  infiueneed  bj  more- 
ment,  the  poBsibility  of  their  spinal  (or  nerre)  origin  should  be  remem- 
bered ;  and  other  indications  of  spinal  misdiief  ,  such  as  local  loss  of 
power,  tingling  or  formication,  shonld  be  carefnlly  watched  for  and 
receiTe  due  weight. 

Of  other  spinal  oord  diseases,  all  chronic  lesions  are  distinguished 
at  once  by  the  onset.  From  other  acute  diseases,  moreoyer,  the  dia- 
tinction  is  only  difSenlt  in  the  early  stage.  As  soon  as  the  initial 
palsy  begins  to  lessen,  and  the  muscles  in  one  part  lose  f  aradic  irrita- 
bility and  begin  to  waste,  the  nature  of  the  case  admits  of  no  doubt. 
The  diagnosis  nmy  be  made  with  certainty  after  the  end  of  the 
first  week  by  the  electrical  reaction.  If  we  find  loss  of  f  aradic  irrita- 
bilily,  it  is  certain  that  the  characteristic  alteration  in  voltaic  irrita- 
bility will  follow.  The  isolated  induced  shocks  should  be  used  instead 
of  the  serial  "current,"  because  any  harmful  stimulation  of  the 
sensory  nerves  is  thereby  avoided.     (See  Diseases  of  the  Nerves.) 

Acute  transverse  myelitis  is  only  simulated  when  the  inflammation 
of  the  grey  matter  is  bilateral  and  so  intense  as  to  extend  to  the 
white  columns,  but  the  age  of  the  patient  generally  suggests  coirectlj 
the  nature  of  the  disease.  The  myelitis  of  childhood  is  polio-myelitis. 
The  pseudo-transverse  variety — poUo-myelitis,  transverse  through  its 
intensity — is  seated  in  one  of  the  enlargements,  usually  the  lumbar; 
the  true  transverse  form  usually  occurs  in  the  dorsal  region.  Beal 
difficulty  is  confined  to  adults,  in  whom  there  is  extensive  cerrical  or 
lumbar  mjeUtis  involving  the  grey  matter.  In  young  adults,  polio- 
myelitis is  more  likely ;  this  is  indicated  also  by  what  is  best  described 
as  a  regressive  onset  in  contrast  to  one  that  is  progressive.  In  the 
former  a  wide  extent  is  quickly  reached,  and  the  symptoms  then  tend 
to  lessen ;  in  the  latter  tiie  morbid  process  is  a  longer  time  reaching 
its  height:  in  the  former  the  symptoms  clearly  show  that  the  most 
severe  affection  is  of  the  anterior  grey  matter ;  in  the  latter,  severe 
ansBsthesia  or  trophic  disturbance  usually  points  to  an  equally  intense 
lesion  of  the  other  parts  of  the  cord. 

The  separation  of  subacute  from  acute  myelitis  of  the  grey  substance 
is,  to  a  large  extent,  arbitrary.  The  symptoms  are  similar,  but  the 
onset  is  less  rapid  and  occupies  more  than  a  week.  The  distinction  of 
mtdtiple  neuritis  is  from  the  subacute  rather  than  the  acute  spinal 
atrophies,  and  is  considered  elsewhere. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  In 
cerebral  palsy  there  is  never  loss  of  faradic  irritability  or  extreme 
muscular  wasting,  or  loss  of  the  muscle-reflex  action.  In  the  spinal 
affection  there  is  no  trace  of  the  mobile  spasm  that  is  common  after 
infantile  hemiplegia.  Any  cerebral  symptoms  which  may  attend  the 
onset  of  polio-myelitis  are  subordinate  in  significance  to  the  state  of 
the  muscles  as  evidence  of  the  permanent  lesion.  Convulsions  at  the 
onset  of  infantile  spinal  paralysis  are  general ;  those  that  result  from 
a  cerebral  lesion  are  usually  unilateral  or  commence  locally.    The  chief 
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diffieoliy  arises  when  ftrm  and  leg  are  inyolyed  on  the  same  sidSi 
I'liese  cases  are  rare,  and  present  no  difiBicidiy  if  attention  is  paid  to 
the  nutrition  and  reaction  of  the  muscles. 

The  exceedingly  slow  onset  of  pseudo-hjpertrophic  paraljsisv 
developing  gradually,  as  it  does,  with  the  chUd's  growth,  ought  to 
render  its  confusion  with  polio-myelitis  impossible.  A  reasonable 
doubt  can  only  arise  in  a  slight  case  in  which  the  onset  was  iinnotioed 
or  forgotten.  I  have  once  known  slight  atrophic  palsy  of  the  exten- 
sors of  the  knee  to  induce  the  habit  of  putting  the  hand  on  the  Imee 
in  rising  from  the  ground— an  action  often  thought  to  be  peculiar  to 
the  pseudo  hypertrophic  disease,  but  acquired  when  weakness  of  the 
extensors  occurs  in  early  childhood  from  any  cause. 

Diseases  outside  the  nervous  system  which  have  been  mistaken  for 
infantile  paralysis  are  chiefly  those  in  which  local  pain  interferes  with 
the  movement  of  the  limbs,  and  the  child  is  young.  I  have  known, 
for  instance,  the  mistake  to  be  made  in  the  case  of  hip-joint  disease, 
necrosis  of  the  femur,  and  the  affection  termed  *'  scorbutic  rickets,"  in 
which  there  is  enlargement  of  the  shafts  of  the  long  bones,  extreme 
pain  on  movement,  and  spongy  gums.  In  all  these  oases  a  careful 
examination  wiU  show  that  movement  is  interfered  with  only  by  the 
pain ;  there  is  no  actual  paralysis,  and  there  is  no  interference  with 
reflex  action.  The  preservation  of  the  knee-jerk  is  often  of  great 
significance ;  it  at  once  excludes  atrophic  palsy  in  any  case  in  which 
the  extensors  of  the  knee  seem  feeble. 

The  points  above  described  should  always  enable  the  diagnosis  to  be 
made.  It  is  impracticable  to  enumerate  the  distinctions  from  every 
disease  with  which  confusion  is  possible,  for  experience  shows  that 
there  is  no  form  of  palsy  with  which  a  common  disease,  such  as  this, 
is'  not  at  some  time  confounded. 

PsoaNosis. — ^The  danger  to  life  is  probably  greatest  when  there  is 
severe  constitutional  disturbance,  which  may  even  precede  the  develop- 
ment of  the  characteristic  paralytic  symptoms.  In  the  stage  of 
paralysis  there  is  peril  only  when  the  chief  disease  is  in  the  cerrical 
region,  and  respiration  is  interfered  with;  but  this  danger  is  small 
unless  an  attack  of  bronchial  catarrh  is  intensified  by  the  palsy. 
Definite  cerebral  symptoms  involve  danger  proportioned  to  their 
character  and  degree,  but  it  is  generally  less  in  reality  than  in  appear- 
ance. In  the  vast  majority  of  cases  the  disease  involves  no  immediate 
danger  to  life.  But  children  are  left  with  little  power  of  resistance  to 
other  morbid  influences,  and  occasionally  succumb  to  some  other 
illness,  as  an  acute  specific  disease,  or  an  attack  of  bronchitis,  a  few 
weeks  or  months  after  the  onset  of  the  paralysis. 

As  soon  as  the  paralysis  has  become  stationary,  i* «.  has  not 
increased  for  twenty-four  hours,  the  danger  of  further  extenidon  is 
smalL  But  the  question  at  once  arises,  and  is  anxiously  asked, — 
What  will  be  the  permanent  condition?  Will  there  be  lasting 
paralysis  P     An  answer  cannot  be  given  until  the  end  of  the  first 
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week  or  ten  days,  and  then  only  hj  means  of  an  electrical  examina- 
tion. Whatever  muscles,  at  the  end  of  that  time,  have  lost  fiundio 
irritability  wHl  certainly  waste,  will  remain  for  a  long  time  paralysed, 
and  will  probably  be  permanently  aflCected  in  some  degree,  slight  or 
serero.  On  the  other  hand,  if  there  is  no  loss  of  irritability  at  the  end 
of  ten  days,  but  it  is  apparent  at  the  end  of  a  fortnight  or  three 
weeks,  the  wasting  will  be  slighter  in  degree,  and  some  ultimate 
recovery  may  be  anticipated  even  in  the  most  affected  part  Where 
there  is  no  loss  of  irritability  the  paralysis  will  pass  away  in  the 
course  of  a  few  weeks,  or  at  most  of  a  few  months.  When  f aradio 
irritability  is  lost  early  and  completely,  the  wasting  will  be  rapid  and 
great,  and  it  is  unlikely  that  there  will  be  much  recovery.  The 
return  of  faradic  irritabiUty  that  has  been  lost  is  a  favorable  indica- 
tion; it  signifies  nerve-regeneration,  and  will  be  followed  by  an 
increase  in  voluntary  power.  Without  an  eleotrical  examination  H  is 
necessary  to  wait  longer  before  a  prognosis  can  be  given,  until  distinct 
wasting  on  the  one  hand,  or  improvement  on  the  other,  indicates  the 
regions  in  which  the  paralysis  will  persist  and  in  which  it  will  pass 
away.    Even  then  the  prognosis  cannot  be  so  definite. 

In  the  chronic  stage  ^e  prospect  of  ultimate  recovery  depends  on  the 
rate  at  which  wasting  developed,  on  the  electrical  reaction,  and  on  the 
duration  of  the  case.  Where  there  is  no  sign  of  returning  power  at  the 
end  of  three  months  very  little  recovery  will  occur ;  the  nerve-cells 
are  destroyed,  their  renewal  is  impossible.  The  preservation  of 
voltaic  irritability  (that  of  the  muscular  fibres)  is  so  far  satisfactory 
that  it  shows  there  has  been  no  destructive  degeneration  of  the 
muscles ;  and  if  voluntary  power  is  increasing,  it  indicates  fikvoraUe 
conditions  for  its  exertion,  but  it  does  not  lessen  the  grave  significanoe 
of  persistent  palsy  and  the  absence  of  faradic  irritability,  which  indi- 
cate persistent  nerve-degeneration.  On  the  other  hand,  if,  at  the  end 
of  one  or  two  months,  some  fiuradic  irritability  can  be  stOl  detected, 
although  low  in  degree  (t.  0.  elicited  only  by  a  strong  current), 
improvement  is  probable,  and  may  become  considerable.  It  is  neces- 
sary, in  the  case  of  children,  to  remember,  and  it  is  important  to 
warn  the  friends,  that  the  growth  of  the  most  affected  limb  will  be 
hindered,  and  that  this,  in  the  case  of  the  leg,  may  render  the  effect 
of  the  paralysis  more  obtrusive  by  its  int^erence  with  the  gait. 
Otherwise  they  are  distressed  by  what  seems  to  them  an  increase  in  the 
disease,  but  is  really  compatible  with  continued  improvement. 

Tbxatmsnt. — ^The  treatment  of  the  acute  stage  of  the  disease  is 
essentially  the  same  as  that  of  myelitis,  already  described,  and  the 
rules  and  principles  already  stated  need  not  be  here  repeated.  In  the 
initial  stage  it  should  be  that  of  the  general  state,  g^ded  by  any 
special  causal  indications  that  may  be  detected ;  such  as  free  sweating, 
followed  by  salicylate  of  soda  or  salicin,  in  a  case  distinctly  due 
to  exposure  to  cold.  We  may  hope  that  future  observations  will 
afford  us  some  indications  regarding  the  means  of  oounteracting 
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other  blood-states  that  apparently  exist  at  the  onset,  and  ara  con* 
oemed  in  the  production  of  the  lesion.  At  present  we  aire  without 
this  help,  and  can  only  treat  the  initial  stage  as  we  should  any  other 
local  inflammation,  directing  our  treatment  to  the  symptoms  thai 
may  be  present,  and  the  conditions  that  apparently  underlie  them. 
The  child  should  be  kept  at  perfect  rest,  on  the  side,  so  that  the  spine 
is  not  the  most  depending  part.  Warmth  may  be  applied  over  the 
affected  part  of  the  cord  by  poultices  or  fomentations.  The  marked 
relief  these  give,  when  there  is  spinal  pain,  make  it  probable  that  they 
exert  a  beneficial  influence  in  all  cases. 

In  such  a  disease — in  which  there  Is  a  natural  tendency  for  the 
morbid  process  to  cease  to  spread,  and  then  to  lessen  in  extent — ^the 
difficulty  of  ascertaining  the  effect  of  treatment  on  the  lesion  of  the 
spinal  cord  is  very  great.  Full  doses  of  belladonna  or  ergot  have 
been  credited  with  the  control  and  arrest  of  the  morbid  process,  but 
only  on  the  eyidence  of  a  coincidence  in  isolated  cases,  the  Talue  of 
which  is  small  in  a  disease  so  irregular  in  its  course.  Either  may  appa- 
rently be  employed,  however,  without  fear  of  harm.  But  probably  the 
measures  mentioned  above  directed  to  the  local  inflammation  have  far 
more  influence  than  drugs  on  the  morbid  process.  As  in  all  acute 
diseases  of  the  nervous  system,  the  chief  room  for  effective  treatment 
rests  with  the  practitioners  who  see  the  cases  in  the  early  stage. 

When  the  acute  onset  is  over  and  the  spinal  lesion  has  become 
stationary  the  careful  management  of  the  early  stage  should  be  con- 
tinued for  a  time,  because  a  relapse  or  recurrence,  however  rare,  is  not 
entirely  unknown.  Such  care  is  especially  needed  in  cases  in  which 
the  constitutional  disturbance  has  been  prolonged,  or  has  continued 
after  the  onset  of  the  spinal  symptoms,  or  in  which  the  latter  have 
come  on  in  distinct  stages.  Under  these  circumstances,  perfect  rest 
should  be  maintained  for  one  or  two  weeks  more.  The  same  prolonged 
care  is  needed  when  there  is  persistent  tenderness  in  the  Hmbs,  or  any 
indications  of  an  independent  neuritis.  Where  wasting  is  taking  plaoe^ 
some  slight  tenderness  of  the  nerves  and  of  the  muscles  mnst  be 
expected  to  accompany  the  process,  and  this,  being  purely  secondaiy 
in  nature,  does  not  call  for  special  treatment. 

When  the  acute  stage  is  over,  and  the  condition  of  the  patient  is 
statioTiary  or  improving,  tonics  are  generally  both  useful  and  needed* 
especially  iron  and  quinine.  Strychnia  may  be  given  in  all  caaes,  but 
it  should  be  commenced  only  three  or  four  weeks  after  the  disease  baa 
become  stationary.  Although  clear  proof  of  its  utility  is  not  forth- 
coming, and  cannot  indeed  be  expected  in  a  disease  in  which  merely 
damac^ed  nerve-elements  always  tend  to  reooveTf  the  drug  has  a 
definite  influence  on  the  nntrition  of  the  structures  that  are  special]^ 
affected,  and  it  is  reasonable  to  suppose  that  it  promotes  their 
recovery,  and  is  capable  of  rendering  this  greater.  But  an  agent  thai 
has  so  powerful  an  influence  on  function  (and  therefore  on  nutrition) 
is  likely  to  do  harm,  rather  than  good,  until  normal  oonditions  avs 
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being  restored.  If  function  sannot  respond  properly  to  a  stimnlus,  it 
is  not  likely  that  nutrition  can  be  influenced  aright.  Hence,  the  more 
severe  the  lesion  the  longer  time  should  elapse  before  strychnia  is 
<»mmenced,  and  the  smaller  the  dose  that  should  at  first  be  given. 
It  is  probably  never  either  necessary  or  desirable  to  give  it  by  hypo- 
dermic injection  in  this  disease. 

The  disease  frequently  occurs  at  the  age  at  which  any  illness  causee 
the  hindrance  to  general  development  that  constitutes  the  condition 
known  as  rickets,  and  this  fact  should  be  remembered  in  treatment. 
In  the  case  of  children  who  are  still  in  the  period  of  the  first  denti- 
tion, it  is,  therefore,  wise  to  anticipate  the  danger  by  giving,  during 
<»nvalescence,  those  agents  that  have  most  influence  in  counteracting 
the  tendency,  especially  cod-liver  oil  and  iron ;  the  lacto-phosphate  of 
lime  and  iron  is  especially  useful. 

The  use  of  electricity  is  an  important  part  of  the  treatment,  although 
for  reasons  very  different  from  those  that  first  led  to  its  use,  and  it  is 
desirable  that  they  should  be  clearly  comprehended  to  secure  its 
1)enefit  and  prevent  its  harmful  or  useless  employment.  There  is  no 
evidence  that  it  can  or  does  influence  the  process  of  recovery  of  the 
damaged  elements  in  either  the  spinal  cord  or  the  nerves.  Moreover, 
as  long  as  the  nutrition  of  these  is  actively  disordered,  its  stimulating 
influence  is  likely  to  increase  the  derangement  rather  than  promote 
the  restoration  of  a  normal  state.  The  reasons  for  its  use  depend  on 
the  fact  that  the  disease  entails  nerve-degeneration,  and  are  essen- 
tially the  same  as  those  that  justify  and  determine  its  employment  in 
other  nerve  lesions,  and  have  been  already  explained.  The  muscular 
fibres  whose  nerves  are  degenerated  suffer  changes  in  nutrition, 
and  ultimately  perish  if  no  nerve-regeneration  occurs.  While  the 
influence  normally  exerted  by  and  through  the  nerve-fibres  is  io 
abeyance,  the  muscles  are  destitute  of  this  influence,  and  without  anj 
functional  stimulation.  If  they  are  excited  from  time  to  time  b]ir 
electricity,  their  sensitiveness  to  stimulation  is  distinctly  increased, 
and  this  not  only  to  electricity,  but  to  the  voluntary  stimulus.  This  is 
clearly  shown  by  cases  that  have  been  imtreated ;  the  muscles  may 
not  respond  at  all  to  the  first  application,  but  when  they  have  been 
galvanised  two  or  three  times  a  distinct  contraction  may  be  obtained, 
and,  within  a  week,  some  voluntary  power  may  return.  Wherever 
cell  and  fibre  have  perished,  nothing  that  electricity  effects  can 
be  of  service ;  but  where  there  has  been  damage,  not  destruction,  and 
the  nerve-fibres  slowly  recover,  but  regain  their  influence  on  nutrition, 
and  their  capacity  for  conveying  impulses,  only  after  some  months, 
the  failure  of  muscular  nutrition  may  be  disproportionately  great,  and 
may  even  render  useless  some  regained  nerve-power.  This  result 
electridiy  is  probably  able  to  prevent.  It  does  not,  as  far  as  we 
<aui  perceive,  prevent  or  even  lessen  the  visible  wasting  of  the 
moseles ;  it  is  powerless  to  counteract  the  effects  of  a  destructive 
lesion  ;  but  it  does  seem  to  hasten  recovery  from  the  effects  of  partial 
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damage,  and  to  lessen  tlie  nltimate  degree  of  this  damage.  It  does  m 
solelj  bj  its  influence  on  the  muscular  tissue,  and  onlj  Toltaio  eleo* 
tricitf  can  stimulate  this  tissue  when  the  nerye-fibres  aie  degenerated. 
The  mode  of  application  should  be  the  same  as  for  nerve  lesions. 
The  muscle  is  only  stimulated  when  the  circuit  is  interrupted,  as  hj 
repeatedly  stroking  the  muscles  with  one  terminal  (a  sponge,  or  con* 
ductor  covered  with  water-holding  material,  well  wetted  wiUi  salt  and 
water),  which  should  be  lifted  from  the  skin  between  each  stroke. 
The  other  terminal  is  kept  still;  it  maj  be  placed  on  the  upper  part 
of  the  muscle,  where  its  nerre  enters  it.  Bj  some  this  terminal  is 
placed  on  the  spine  OTor  the  affected  region  (and  then  a  larger  flat 
terminal  is  employed),  under  the  impression  that  the  eleotricitf  may 
influence  the  morbid  process  in  the  spinal  cord;  but  there  is  no 
evidence  eyen  that  the  spinal  cord  is  reached  by  electricity  so  applied. 
When  appUed  to  the  muscles,  the  strokes  may  be  made  with  the 
negative  terminal,  since  each  pole  will  influence  the  tissue,  and  the 
normally  greater  irritability  to  the  negative  often  persists.  The  appli^ 
cation  can  be  made  perfectly  well  by  an  intelligent  nurse,  since  the 
diffusion  of  the  voltaic  current  is  so  great  that  it  is  sure  to  reach  the 
affected  muscles.  Each  time  the  sponge  is  placed  on  the  skin  the 
affected  muscles  should  be  seen  to  move  or  swell  up  in  slight  contrac- 
tion, and  it  is  desirable  to  use  as  many  cells  of  the  battery  as  will 
produce  this  result.  Sometimes  this  cannot  be  done  without  causing 
so  much  pain  as  to  distress  the  child,  but  in  many  instances  the 
distress  is  really  due  to  a  needlessly  strong  and  painful  cnrrait 
having  at  some  time  been  used,  and  an  amount  of  alarm  produced 
that  the  child  never  gets  over.  It  is  on  this  account  that  it  is  so 
important  to  make  a  test  examination  with  great  care,  and  to  employ 
the  less  painful  faradic  shock.  Emotional  disturbance  may  generally 
be  avoided  by  commencing  with  a  very  weak  current.  It  is  better* 
indeed,  to  commence  with  no  current  at  all,  applying  the  sponges  in 
the  way  directed,  so  that  the  child  may  be  familiar  with  them, 
and  cease  to  fear  them.  Then  two  or  three  cells  may  be  used,  and  the 
strength  gradually  increased  day  by  day.  In  this  way  a  current  strong 
enough  to  cause  contraction  will  often  be  tolerated.  If,  however, 
in  spite  of  these  precautions,  this  strength  cannot  be  employed 
without  distressing  and  disturbing  the  child,  the  attempt  to  obtain 
muscular  contraction  should  not  be  persevered  in,  but  only  such 
a  current  employed  as  does  not  disturb  the  child.  An  influence  oo 
nutrition,  if  slighter,  is  still  exerted,  and  if  the  application  is  con- 
tinued for  a  longer  time  it  is  probable  that  equal  good  is  done.  The 
electrical  treatment  may  be  commenced  at  the  end  of  the  fourth  week 
after  the  onset.  It  should  not  be  used  earlier,  lest  it  excite  increased 
disturbance  in  the  spinal  cord.  The  application  need  only  be  made  to 
those  muscles  in  which  faradic  irritability  is  lowered  or  lost.  Other  mas* 
cles  will  recover  without  its  aid,  or  will  be  uninfluenced  by  electricity. 
Ajiother  measure  which  should  be  employed  is  systematic  rubbing 
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of  the  limbs.  This  stimulates  the  drctdation,  which  is  always  defec- 
tive, as  the  blue,  cold  surface  shows.  It  no  doubt  also  increases  the 
movement  of  the  fluids  in  the  tissues  outside  the  vessels,  and  so 
probablj  increases  the  interchange  of  material,  and  promotes  nutri- 
tion. The  muscles  should  be  dailj  rubbed  and  gentlj  kneaded, 
upward  rubbing  being  esjpecially  useful.  No  liniment  is  required ;  the 
uncovered  hand  answers  best.  Cod-liver  oil  is  sometimes  rubbed  on ; 
a  minute  quantity  is  probablj  rubbed  in,  without  good  or  harm. 
Great  care  should  be  taken  at  all  times  to  keep  the  affected  limbs  as 
warm  as  possible. 

In  all  cases  in  which  the  trunk  muscles  are  weak,  even  in  slight 
degree,  bronchial  catarrh  must  be  guarded  against  with  great  care. 
In  such  cases  the  muscles  of  respiration  are  weakened,  and  although 
normal  breathing  maj  not  be  impaired,  the  diminution  in  strength 
may  render  an  acute  bronchial  catarrh  rapidly  fatal,  and  this  even 
months  after  the  onset  of  the  paralysis. 

When  some  voluntary  power  is  regained  the  systematic  use  of  the 
muscles  is  of  great  service,  and  should  be  carefully  attended  to. 
Systematic  planned  movements  may  generally  be  adopted,  and  an 
improvement  of  muscular  nutrition  and  power  may  be  secured  much 
earlier  than  if  the  limbs  are  left  to  the  chance  influence  of  such  move- 
ments as  a  child  spontaneously  adopts.  Most  of  the  good  that  is 
done  by  "  movement  cures "  may  be  obtained  by  such  simple  mus- 
cular exercises  as  can  be  readily  arranged  with  the  help  of  a  little 
consideration  on  the  part  of  the  doctor,  and  can  be  efficiently  carried 
on  at  home,  given  the  necessary  perseverance  on  the  part  of  those 
who  have  charge  of  the  patient,  and  which,  unfortunately,  is  less 
often  forthcoming.  Such  movements  need  to  be  specially  arranged 
to  meet  the  exigencies  of  each  case,  so  as  to  call  into  action  those 
muscles  that  are  weak  but  not  powerless,  or  that  may  supplemmt 
the  muscles  that  are  paralysed. 

A  very  important  element  in  the  management  of  the  chronic  stage 
is  the  prevention  and  treatment  of  the  muscular  contractions,  and  of 
the  deformities  to  which  these  give  rise.  The  contractions  cannot  be 
entirely  hindered,  but  they  may  often  be  prevented  reaching  a  high 
degree  by  careful  attention  to  the  position  of  the  limbs,  and  by 
watching  for  and  treating  the  earliest  indication  of  shortening  of  the 
muscles.  It  is  needless  to  discuss  in  detail  the  varied  influence  of 
posture  in  these  cases ;  careful  and  frequent  examination  of  the  patient 
will  show  whether  any  deviation  from  normal  relations  is  being  deve- 
loped, and  its  counteraction  is  chiefly  a  matter  of  common  sense  and 
a  little  practical  ingenuity.  Of  especial  importance,  however,  are  the 
prevention  of  the  curvatures  of  the  spine  which  are  caused  by  allowing 
the  patient  to  sit  up  before  the  back  muscles  have  regained  the  neces- 
sary power,  and  the  prevention  of  the  shorteaing  of  the  flexors  of  the 
hip  and  knee  joints  that  occurs  when  the  patient  is  allowed  to  lie  in 
bed  with  the  1^  drawn  up.    More  difficult  of  prevention  is  the  con- 
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traction  of  the  calf  muBcIes,  often  aggrayated  in  consequence  of  tlw 
lessened  growth  of  the  limb.  Something  may  be  done  during  the 
process  of  rubbing  for  the  prevention  of  deformities.  While  the  con- 
tracted muscles  are  rubbed  upwards  they  should  be  extended  gentlj 
but  firmly.  Thus,  if  the  calf  muscles  are  shortened,  the  foot  should  be 
steadily  pressed  upwards  while  the  calf  is  rubbed.  A  slipper  with 
elastic  straps  to  a  knee-band  may  be  worn  at  night,  often  with  great 
benefit.  For  developed  deformities,  due  to  great  shortening  of  the 
muscles,  surgical  treatment  by  splints  or  tenotomy  is  usually  necessary, 
and  is  often  important  because  it  enables  the  patient  to  use  the  Hmb 
in  ways  that  would  be  impossible  without  it. 

For  this  and  other  reasons  mechanical  appliances  are  of  unques- 
tionable  value.  Counteracting  deformities  and  supplementing  weak 
muscles,  they  often  enable  a  child  to  walk  who  could  not  do  so 
without  their  aid,  and  power  is  often  increased  to  a  remarkable  extent 
in  indirect  ways.  In  all  these  cases,  however,  the  instruments  require 
frequent  attention  and  alteration  to  adapt  them  to  the  changes  due  to 
growth,  and  patience  is  required  in  the  management  of  these  cases 
through  their  long  and  tedious  course. 

Two  facts  deserve  a  final  emphasis.  At  the  end  of  six  months  all 
possible  leovery  is  nearly  completed,  and  certainly  at  the  end  of  a 
year  the  lesion  has  become  a  cicatrix,  and  further  improvement  will  be 
merely  by  the  slow  growth  of  the  muscle  that  has  recovered,  under 
the  stimulus  of  use.  Secondly,  this  process  of  slow  improvement  as 
the  result  of  use  will  go  on  for  years, — will  go  on  whatever  treatment 
is  adopted,  and  whether  special  measures  are  employed  or  not.  The 
therapeutic  specialist  who  carries  on  his  treatment  month  after  month 
will  claim  it  as  his  achievement,  but  it  would  occur  equally  without 
his  aid.  From  its  nature,  however,  as  already  stated,  it  may  prohaUy 
be  always  augmented  by  some  conlaivance  to  increase  the  influences 
that  are  really  improving  the  power  of  the  muscles. 

Sttbacutb  akb  Ohbonio  Atbofhig  Spinal  Paralysis 
(sxtbaoutb  and  ohbonig  polio- myblitis). 

Under  this  designation  cases  have  been  described  of  a  miscellaneous 
character,  in  which  paralysis,  followed  by  muscular  atrophy,  comes  on 
less  rapidly  than  in  the  acute  form,  its  development  occupying  from 
ten  to  thirty  days  in  the  cases  which  are  termed  "subacute,"  and 
from  one  to  six  months  or  even  more  in  those  which  are  called 
"chronic.**  Many  cases  included  under  this  name  differ  much  in 
their  characters,  and  are  sometimes  described  as  "  chronic  myelitis ; " 
but  among  the  cases  placed,  even  until  lately,  in  this  group,  are  forms 
of  multiple  neuritis.  Most  subacute  atrophic  palsies  are  due  to  nerre 
disease ;  almost  all,  indeed,  which  present  symmetrical  palsy. 

The  cases  of  spinal  atrophic  paralysis,  in  which  the  onset  is  not 
acute,  may  be  placed  in  four  classes. 
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(1)  Cases  of  subacute  polio-myelitis  which  differ  from  the  acute 
form,  already  described,  oxily  in  their  less  rapid  development.  Thej 
present  the  same  initial  general  disturbance  and  wide  distribution, 
and  the  same  recovery,  except  in  a  limited  region  in  which  muscular 
wasting  occurs.  They  are  thus  distinguished  from  polyneuritis,  and 
also  by  the  irregpilar  distribution  of  the  symptoms.  Most  of  the  suf- 
ferers have  been  adults.  Little  is  known  of  the  exciting  cause  of  this 
form  further  than  that  it  certainly  sometimes  follows  exposure  to  cold, 
and  is  probably  sometimes  the  result  of  a  toxemic  influence.  The 
symptoms  and  general  history  of  these  cases  present  no  important 
diiference  from  the  acute  form. 

(2)  Cases  are  met  with  that  differ  from  the  type  just  described  in 
the  fact  that  their  course  is  progressiTa  The  onset  is  subacute  or  sub- 
chronic,  occupying  from  a  fortnight  to  several  months,  but  instead  of 
arrest  followed  by  improvement,  the  more  or  less  rapid  onset  is  fol* 
lowed  by  slower  gradual  increase,  until  at  last  wide-spread  chronic 
muscular  atrophy  is  developed.  Many  of  these  are  really  cases  of 
progressive  muscular  atrophy  with  a  subacute  onset.  For  example,  I 
have  more  than  once  known  a  case  of  this  disease,  ultimately  typical, 
to  begin  by  a  subacute  atrophic  paralysis  of  the  extensors  of  the 
wrists.  These  cases  will  be  considered  in  the  account  of  that  disease. 
Others  present  differences  from  that  malady  and  symptoms  of  more 
irregular  character,  which  show  that  the  lesions  axe  distributed 
through  various  structures  in  the  cord,  and  these  must  be  regarded 
as  cases  of  chronic  myelitis  involving  the  anterior  comua.  This  form 
also  is  chiefly  confined  to  adults.  It  occasionally  results  from  cold, 
and  sometimes  from  injury,  as  a  fall  on  the  back.  Intemperance  and 
venereal  excesses  are  also  said  to  cause  it.  The  wide-spread  muscular 
atrophy  which  sometimes  results  from  lead-poisoning  is  probably  of 
this  nature.  The  muscles  at  first  present  the  degenerative  reaction, 
or  normal  faradic  irritability  with  increase  to  voltaism;  sometimes, 
however,  there  is  a  loss  to  both  f  aradism  and  voltaism.  The  sphincters 
usually  escape.  In  many  cases  the  affection  exhibits  a  persistently 
progressive  character;  muscular  atrophy  slowly  increases  and  ex- 
tendsy  until  the  case  ultimately  resembles  one  of  progressive  muscular 
atrophy,  and  the  patient  dies  at  the  end  of  one  or  two  years  from 
exhaustion,  or  from  interference  with  the  respiratory  movements.  In 
other  cases  the  atrophy,  after  slowly  progressing  for  many  months, 
becomes  stationary,  and  considerable  improvement  may  ultimately 
take  place.  This  course  is  seen  especially  in  traumatic  cases.  Few 
observations  on  the  pathological  anatomy  of  the  affection  have  been 
made.  Coruil  and  Lepine  found,  in  one  case,  at  the  end  of  four 
years,  softening  of  the  lower  part  of  the  spinal  cord,  chiefly  in  the 
anterior  oomua,  disappearance  of  the  ganglion-cells,  increase  of  the 
connective  tissue,  and  sclerosis  of  the  white  substance  around  the 
anterior  horns. 

The  diagnosis  from  the  first  form  rests  on  the  slow  onset  and  pro- 
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gressive  course  of  the  disease.  Although  the  degeneratiTe  dectrical 
reaction  may  be  found,  it  is  frequently  absent,  and  this  is  another 
distinction  from  the  acute  variety.  On  the  other  hand,  the  fact  that 
paralysis  precedes  wasting  is  a  distinction  from  progressive  muscular 
atrophy.  In  the  most  chronic  form,  however,  this  distinction  fails, 
and  cases  are  met  with  which  present  a  gradation  between  the  two 


The  prognosis  is  grave  except  in  traumatic  cases,  but  is  influenced 
by  the  observed  rate  of  progress,  and  the  presence  or  absence  of  any 
indications  of  arrest.  When  the  result  of  injury,  considerable  im- 
provement is  not  uncommon,  and  it  is  remarkable  how  great  a  degree 
of  paralysis  and  atrophy  may,  in  these  cases,  ultimately  pass  away 
almost  completely.  The  treatment  of  the  disease  must  be  influenced 
by  the  rapidity  of  its  onset.  In  the  subacute  sta^  and  form  it  should 
be  conducted  on  the  same  principles  as  that  of  acute  comual  myelitis. 
In  the  chronic  form  the  treatment  must  be  the  same  as  for  progressive 
muscular  atrophy. 

(3)  Many  subacute  and  chronic  cases,  which  have  been  described 
as  atrophic  spinal  paralysis,  are  peripheral,  not  central  in  their  nature, 
and  are  cases  of  multiple  neuritis,  the  symptoms  and  diagnostic 
indications  of  which  have  been  already  described.  The  history  of  the 
subacute  spinal  disease  has  been  largely  written  from  cases  of  multiple 
neuritis.  In  the  statements  just  made  this  fact  has  been  kept  in 
view.  While  multiple  neuritis  may  simulate  closely  chronic  polio* 
myelitis,  it  is  certain  that  the  converse  is  also  true,  and  the  central 
aflection  has  been  sometimes  thought  to  be  peripheral.  The  facts  at 
present  available  suggest  that  the  central  and  peripheral  structures  of 
common  function  possess  common  susceptibilities  to  the  action  of 
morbid  influences,  and  there  is  still  danger  that  the  two  classes  may 
be  confused.  The  most  important  criterion  is  the  greater  irregularity 
in  distribution  of  th«  central  disease, — the  more  perfect  symmetiy  ol 
the  peripheral  affection.  The  presence  of  tenderness  of  the  nerve- 
trunks,  and  of  the  structures  to  which  the  nerves  are  distributed,  is  of 
more  value,  when  it  exists,  than  is  the  suggestion  afforded  by  its 
absence  that  the  disease  is  central,  because,  in  the  periphery,  only 
fibres  of  one  function  may  suffer:  we  may  then  have  none  of  the 
symptoms  that  we  commonly  associate  with  neuritis,  and  look  for  as 
proof  of  its  existence.  In  purely  motor  neuritis  there  may  be  no 
tenderness  or  pain.  But  such  an  affection  is  either  unilateral  or 
perfectly  symmetrical.  Imperfect  symmetry  indicates  an  affection  of 
the  cord. 

(4)  A  family  form  of  slow  muscular  atrophy  in  children  with  changes 
in  the  anterior  horn  cells  has  been  described  in  the  last  few  years  by 
Hoffmann  and  others.  It  will  be  referred  to  when  we  come  to  speak 
( f  the  myopathic  atrophies  with  which  it  has  some  affinities. 
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ACUTE   ASCENDING   PAEALTSIS. 

Atoendmg  pandjais,  which  commences  in  the  legs  and  ascends  to 
the  muscles  of  the  trunk,  the  arms,  muscles  of  the  neck,  the  diaphragm 
and  the  pharynx,  is  a  feature  of  sereral  diseases — meningeal  haemor- 
rhage, ascending  myelitis,  &c. ;  but  it  occurs  also  in  cases  in  which  the 
spinal  cord,  after  death,  appears  healthy  to  both  naked-eye  and 
microscopical  examination.  Such  cases  haye,  however,  certain  charac- 
teristic features  which  make  it  desirable  to  distinguish  the  condition 
from  other  diseases,  and  the  affection  has,  therefore,  been  provisionally 
termed  "  cumte  aacending  parcdyHs,**  in  the  absence  of  any  evidence  of 
its  nature.  It  was  first  described  by  Landry  in  1859,  and  hence  is 
often  called  Landry^a  parcUysis,  Acute  ascending  paralysis  is  a  most 
formidable  malady,  most  cases  proving  fatal  in  a  few  days.  Its 
nature  is  mysterious,  but  recent  discoveries  regarding  multiple 
neuritis  have  disclosed  instructive  analogies  between  the  two  affec- 
tions. These  have,  indeed,  led  some  observers  to  the  opinion  that  this 
ascending  paralysb,  without  organic  central  lesion,  is  an  affection  of 
the  nerves*  As  we  shall  see,  it  is  not  probable  that  this  opinion  is 
correct,  although  it  is  possible  that  the  nerves,  as  well  as  the  centres, 
are  sometimes  affected. 

Causes. — The  etiology  of  the  disease  resembles,  in  general,  that  of 
acute  multiple  neuritis  more  nearly  than  that  of  any  other  affection. 
The  disease  affects  males  more  frequently  than  females.  It  occurs 
chiefly  between  twenty  and  forty  years  of  age,  but  has  been  observed 
in  rare  cases  in  older  and  younger  persons,  and  even  in  children. 
Some  sufferers  have  been  the  subjects  of  alcoholism.  Severe  exposure 
to  cold  has  been  the  apparent  cause  in  many  instances.  In  other  cases 
the  disease  has  occurred  under  conditions  such  as  cause  toznmic 
states,  or  after  the  occurrence  of  some  known  blood  disease.  Thus 
it  has  occurred  during  convalescence  from  some  general  disease, 
smallpox,  diphtheria,  typhoid  fever.  It  has  also  followed  influenza 
ajQd  febrile  diseases  of  obscure  nature.  In  these  cases,  it  should  be 
noted,  the  disease  has  followed  at  an  intenral  of  a  week  or  a  few  weeks. 
It  also  souietimes  succeeds  some  traumatic  process,  such  as  a  woimd, 
and  here  also  after  an  interval,  and  usually  when  the  wound  was 
apparently  healed.  1  have  known  it  thus  to  follow  an  attack  of  pelvic 
cellulitis  In  these  respects  it  closely  resembles  polyneuritis ;  and  it 
has  been  observed,  in  severe  form,  in  the  subjects  of  old  alcoholic 
neuritis.  The  disease  has  been  repeatedly  observed  in  the  subjects  of 
syphilis,  and  has  apparently  been  arrested  by  the  treatment  for  this 
disease. t    The  circumstance  that  when  some  malady  or  wound  pre- 

*  Seo  Bom  and  Judson  Bury,  'Treatlae  on  Peripheral  Neuritis.' 
t  Much  weight  ihould  not  be  placed  on  this  fact  ai  proof  of  canial  relationship, 
becauie  (apart  from  the  fallacy  of  independent  cessation)  it  is  probable  that  the 
treatment  that  is  eifective  against  the  virus  of  syphilis  is  also  sffactiTe  against 
other  blood-states  that  depend  on  agents  of  similar  nature. 
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ceded  the  disease,  the  former  was  often  of  a  trivial  character,  preyente 
surprise  at  the  fact  that,  ia  manj  cases,  no  influence  could  be  traced 
to  which  the  disease  could  be  ascribed. 

Symptoms. — Premonitoiy  sTmptoms  haye  been  noted  in  some  caaet 
— general  malaise,  pains  in  the  head  and  back,  tingling  in  the  extremi- 
ties—for a  few  days  or  a  week  before  the  onset.  The  first  definite 
symptom  is  usually  weakness  of  the  legs,  often  commencing  in  one 
and  spreading  to  the  other.  The  weakness  increases  rapidly,  so  that 
the  power  of  standing  is  lost,  sometimes  in  a  few  hours,  sometimes  at 
the  end  of  two  or  three  days ;  it  goes  on  to  complete  paralysis,  with 
relaxation  of  the  muscles.  As  the  legs  become  motionless  the  muscles 
of  the  trunk  become  weak,  first  of  the  pelvis,  loins,  and  abdomen 
then  of  the  thorax.  The  weakness  next  invades  the  arms ;  either  the 
upper  arm  muscles  or  those  of  the  forearm  and  hand  may  be  first 
attacked,  and  one  arm  is  often  weakened  before  the  other.  The 
paralysis  of  the  arms  may  become  absolute,  like  that  of  the  legs,  or 
some  power  of  movement  may  remain.  The  diaphragm  and  neck 
muscles  then  sufier,  and  difficulty  of  swallowing  comes  on,  sometimes 
wiih  paralysis  of  the  muscles  of  the  palate,  and  often  speech  becomes 
difficult,  nasal,  and  indistinct.  The  inability  to  swallow  may  become 
so  great  that  the  patient  has  to  be  fed  through  a  tube,  and  the  para- 
lysis may  involve  the  muscles  of  articulation  to  such  an  extent  that 
utterance  may  be  altogether  unintelligible.  There  is  often  dyspnoea 
from  the  weakness  of  the  muscles  of  respiration,  or  from  interference 
with  the  respiratory  centre  in  the  medulla,  and  the  cardiac  centre  may 
also  be  involved.  The  afEection  of  the  bulbar  nerves  is  determined  by 
functional  relations;  thus  the  lips  may  be  paralysed  with  other 
muscles  of  articulation  when  the  upper  part  of  the  face  is  unaffected. 
In  rare  cases  the  eye  muscles  are  paralysed  in  some  degree,  usually 
manifested  only  as  loss  of  accommodation,  inequality  or  dilatation  of 
the  pupils,  impaired  reaction  to  light,  or  slight  strabismus. 

The  tingling  and  analogous  subjective  sensory  disturbance  has  been 
followed,  in  some  cases,  by  hyperaesthesia  of  the  skin  and  tenderness 
of  the  muscles,  but  it  is  probable  that  in  such  cases  there  has  been 
multiple  neuritis.  There  may  be  some  blunting  of  sensibility  in  the 
extremities,  but  there  is  definite  loss  of  sensation  only  in  some 
severe  cases  of  the  typical  disease.  A  firm  touch  can  usuaJly  be  per- 
ceived anywhere;  perception  of  painful  impressions  and  of  heat  or 
cold  is  sometimes  delayed.  At  first,  reflex  action  is  lost  in  the  affected 
Umbs,  both  cutaneous  reflex  action  and  myotatic  irritability.  In  cases 
rapidly  fntnl  the  loss  has  continued  till  death.  In  cases  that  have 
recovered  reflex  action  has  returned,  but  recorded  cases  have  presented 
considerable  differences  in  this  respect,  and,  as  there  is  some  doubt  as 
to  the  nature  of  many  non-fatal  cases,  there  is  some  uncertainty  as  to 
this  point.  In  some  the  myotatic  irritability  has  soon  returned,  and 
has  even  become  excessive.      In  the  majority  it  has  remained  absent. 
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and  not  until  all  paralytie  aTmptoms  have  diaappeand  has  the  laxee- 
J€rk  retnmed. 

In  spite  of  the  early  flaocidily  of  the  mnades,  if  life  ia  jnrolonged 
thej  rarelj  present  either  wasting  or  change  in  electrical  initabilitj. 
A  trifling  reduction  in  size  may  occur,  but  there  is  no  muscular  atrophy 
such  as  oceura  in  polio-myelitis,  and  eyen  after  seyeral  weeks  the  most 
careful  examination  fails  to  reveal  any  abnormal  electrical  reaction — 
a  Teiy  important  feature  of  the  disease.  Exceptional  cases,  which  do 
present  the  degenerative  reaction  in  the  muscles,  seem  more  closely 
allied  to  a  universal  polio-myelitis,  from  which,  indeed,  this  disease 
cannot  be  sharply  separated.  The  sphincters,  moreover,  escape  in  the 
vast  majority  of  cases,  but  not  in  all.  There  is  no  tendency  to  the 
occurrence  of  bedsores.  The  cerebral  functions  are  not  usually 
involved,  and  the  state  of  the  patient  who,  with  unimpaired  intellect, 
cannot  express  himself  either  by  speech  or  gesture,  is  painful  in  the 
extreme.  In  exceptional  cases,  however,  there  is  mental  duhiess  or 
sli^t  delirium,  as  if  from  the  influence  of  a  blood-state  on  the  brain. 
In  girls  this  may  take  the  form  of  hysterical  manifestations,  by  wliich 
the  nature  of  the  disease  may  be  masked. 

Ab  a  rule  there  is  no  elevation  of  temperature,  even  during  the  rapid 
development  of  the  symptoms,  but  in  one  or  two  cases,  which  were  not 
fatal,  brief  pyrexia  attended  the  onset,  and  in  a  few  others  moderate 
febrile  disturbance  (2°  or  8^)  occurred  at  a  late  period.  Profuse 
sweating  has  been  occasionally  noted.  Enlargement  of  the  spleen 
(first  noted  by  West{>hal),  suc&  as  occurs  in  other  acute  diseases,  is 
very  frequent. 

Thus  the  chief  feature  of  the  disease  is  an  almost  purely  motor 
paralysis,  progressive  in  character,  with  relaxation  of  the  muscles 
during  the  acute  stage  of  the  disease.  It  usually  has  an  ascending 
course,  but  irregolar  cases  are  met  with  in  which  the  order  of  invasion 
IB  varied.  Thus  the  arms  are  occasionally  involved  before  the  legs, 
the  diaphragm  before  the  intercostaJs ;  the  bulbar  symptoms  have 
been  known  to  precede  the  others,  and  I  have  seen  them  reach  a  high 
degree  with  a  fatal  involvement  of  the  cardiac  centre  before  the  upper 
muscles  of  respiration  were  affected,  or  the  hands  quite  powerless. 
Analogous  cases  have  been  recorded  by  others,  the  special  features 
and  course  being  those  characteristic  of  the  disease.  In  some  cases, 
however,  of  irregular  course,  changes  have  been  found  in  the  electrio 
irritability  of  the  muscles ;  it  is  probable  that,  in  such  cases,  the  peri- 
pheral nerves  are  affected,  although  we  cannot,  on  this  accoxmt,  at 
present  separate  these  from  the  typical  cases  of  the  disorder — a  point 
that  will  be  explained  in  connection  with  its  pathology. 

The  disease  varies  considerably  in  the  rate  of  its  progress.  It  may 
nm  its  course  and  end  fatally  in  forty-eight  hours.  Death  usually 
results  from  either  respiratory  or  cardiac  paralysis — ^the  latter  in  the 
cases  of  irregular  course.  A  large  proportion  of  the  fatal  cases  last 
less  than  a  week.    On  the  other  hand,  the  disease  may  only  attain  its 


430  SPINAL  OOBD. 

height  at  the  end  of  two,  three,  or  even  four  weeks.  In  tome 
apparently  of  the  same  character,  the  paralysis  of  the  limbs  has  not 
been  complete.  There  may  be  a  rapid  extension  of  the  paralysis  to  a 
certain  point,  and  it  may  then  cease  to  spread,  and  the  limbs  last  and 
least  affected  may  slowly  regain  power.  A  patient  may  lie  for  days 
in  a  condition  of  universal  palsy,  saye  for  a  little  respiratory  power, 
and  then  improvement  begin.  As  a  rule,  the  order  of  recovery  of  the 
muscles  is  the  opposite  to  that  of  their  invasion.  In  favourable  cases 
the  recovery  of  power  is  usually  slow;  two  or  three  months  often 
elapse  before  the  weakness  entirely  disappears.  Occasionally  there 
has  been  a  more  rapid  improvement*  and  the  patient  has  been  well  in  a 
few  weeks. 

Patholoot. — The  most  careful  and  skilled  examination  has  often 
failed  to  discover  any  morbid  appearance  in  the  spinal  cord,  nerves,  or 
muscles.  Minute  haBmorrhages,  met  with  occasionally,  have  probably 
occurred  during  the  last  moments  of  life.  In  other  cases,  apparently 
similar  to  the  others,  vascxilar  engoragement  has  been  found  in  the  giey 
matter  of  the  cord,  the  significance  of  which  is  increased  by  leuco<7tal 
accumulations  around  the  vessel.  Changes  in  the  ganglion-celliB  in 
the  more  acute  cases  have  also  been  found,  swelling  and  blurred 
outline.*  Oi  late  attention  has  been  paid  to  the  peripheral  nerves 
and  slight  indications  of  acute  changes,  both  parenchymatous  and 
interstitial.t  have  been  found  in  them,  but  only  in  exceptional  < 
and  peripheral  neuritis  seems  to  play  no  part  in  the  typical  dis 
although  sometimes  simulating  it.  In  addition  to  the  enlargement  of 
the  spleen  observed  during  life,  and  found  also  after  death,  the  massn- 
teric  glands  have  been  found  swollen,  and  also  the  dosed  follidas  ci 
the  intestines.  Organisms  have  been  found  in  the  glands,^  and 
culture  of  portions  of  the  nerve-centres  yielded,  in  one  case,  a  bacillus 
resembling,  but  not  identical  with,  that  of  splenic  fever.§  Other 
observers  have  searched  for  them  without  success  in  all  cases  of 
typical  character. 

These  negative  facts,  taken  in  conjunction  with  the  oonditions  under 
which  the  disease  occurs,  and  with  the  course  of  the  malady,  have 
suggested  the  idea  of  a  toxic  influence  acting  on  the  nerve-centres; 
and  this  idea  receives  support  from  the  discovery  that  acute  swelling 
of  the  spleen  is  common,  and  of  the  lymphatic  glands  not  nie— 
lesions  that  indicate  a  morbid  blood-state.  The  limitation  by  f  mic- 
tion of  many  toxsdmic  palsies,  a.  g.  that  of  accommodation,  supports 
this  view,  since  the  isolated  acute  paralysis  of  functional  centres,  not 
anatomically  separate  from  others,  is  known  only  as  a  consequence  of 
a  toxic  influence.  Further  confirmation  is  afforded  by  the  fact  that 
cases  of  acute  multiple  neuritis,  certainly  due  to  a  toxasmia,  may  ran  a 

*  Immermann,  Marinetoo  and  Marie,  Bailey  and  Swing, 
t  Eisenlohr,  •  Dent.  med.  Wochenaobr^'  1880^  No.  S8. 
X  Baaingarten. 
§  }/LiuAb  and  Harinesoo. 
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thnilar  course.  It  lia8»  indeed,  been  conjectured  that  the  nerves  are 
always  the  stmctures  impaired,  but  this  exclusive  view  is  disproved 
by  the  normal  state  of  the  nerves  in  cases  in  which  the  grey  substance 
of  the  spinal  cord  has  been  found  to  be  changed  and  by  the  common 
absence  of  altered  excitability  of  the  muscles,  since  the  motor  nerves 
■eem  never  to  escape  invariably  in  peripheral  neuritis  of  any  variety, 
however  common  their  freedom  from  affection  in  the  type.  But  the 
nerves  suffer  also  in  some  cases,  and  there  seem  to  be  gradations  to 
the  cases  of  acute  multiple  neuritis  of  ascending  course  described  at 
p.  162.  All  the  facts  point  to  the  conclusion  that  the  disease  is  due 
to  a  toxin  which  has  a  specific  action  on  the  mbtor  neurons  in  the 
spinal  cord,  chiefly  on  the  anterior  gi-ey  matter,  sometimes  also 
affecting  the  motor  nerve-fibres  proceeding  from  them.  Sometimes 
it  has  a  wider  influence  on  the  spinal  cord,  and  its  effects  can  be 
traced  into  the  white  substance  or  the  posterior  horns,  possibly  as  an 
extension  of  the  inflammatory  changes  it  induced.  These  are  similar 
to  those  that  attend  any  acute  disturbance  of  function;  the  toxic 
influence  is  mysterious  in  nature  and  origin,  but  seems  to  resemble 
that  which  causes  polio-myelitis,  in  which  the  morbid  process  presents 
variations  and  may  also  involve  the  nerves.  The  toxine  may  be  pro- 
duced by  the  agency  of  bacteria,  but  the  evidence  of  this  is  incon- 
clusive;'  some  cases  have  followed  exposure  to  cold. 

DiAGKOsis. — ^The  disease  is  recognised  by  the  rapid  development  of 
paralysis,  usually  but  not  invariably  ascending,  with  relaxation  of  the 
muscles,  and  with  loss  of  reflex  action,  without  considerable  pain  or, 
generally,  any  loss  of  sensation,  and  if  the  patient  survives,  without 
wasting  of  the  muscles  or  change  in  electrical  irritability.  The  latter 
characteristic  distinguishes  the  disease  from  acute  atrophic  paralysis, 
while  the  absence  of  pain  in  the  back  and  of  spasm  is  a  distinction 
from  meningeal  haemorrhage.  The  diagnosis  from  general  ascending 
myelitLs  has  been  already  considered;  it  rests  especially  on  the  in- 
volvement of  all  the  functions  of  the  cord  in  inflammation.  The 
distinction  from  multiple  neuritis  has  been  mentioned  in  the  account 
of  that  disease  (p.  174)»  but,  it  may  be,  is  not  always  absolute,  since 
the  nerves  probably  suffer,  as  well  as  the  cord,  in  some  cases  of 
ascending  paralysis.  Further,  the  cases  of  multiple  neuritis  simulating 
this  affection,  the  nature  of  which  has  been  demonstrated  pathologi- 
cally, have  usually  run  a  more  prolonged  course,  several  weeks  or  even 
months.  The  distinction  from  polyneuritis,  f oxmded  on  the  course  of 
the  ascending  form,  is  subject,  however,  to  the  reservation  that  while 
ascension  to  the  arm  through  the  trunk  is  a  feature  of  the  central 
disease,  this  is  not  excluded  by  a  more  irregular  course,  and  the 
character  of  the  individual  symptoms  must  be  taken  into  consideration 
(see  also  p.  429). 

Pttoavosis. — ^The  affection  is  one  of  extreme  gravity.  The  danger 
to  life  is  in  proportion  to  the  interference  with  respiration  and  with 
the  functions  of  the  medulla  oblongata,  especially  with  the  cardiac 
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centre,  and  also  to  the  rapidity  with  which  the  palsy  oomet  on.  But 
the  cases  which  develop  with  comparatiye  slowness  are  not  deiroid  of 
danger.  Even  when  the  symptoms  only  reach  their  height  at  the  end 
of  three  or  four  weeks,  death  may  occur  in  the  same  way  as  in  the 
more  rapid  cases.  On  the  other  hand,  recoTery  has  been  known 
although  the  patient  has  lost  all  power  of  motion  at  the  end  of  the 
second  day.  The  danger  is  great  as  long  as  the  symptoms  aie  in- 
creasing, and  only  when  distinct  improvement  can  be  recognised  is  it 
justifiable  to  anticipate  recovery.  The  earlier  the  bulbar  symptoms 
appear,  the  more  serious  is  their  significance.  Mental  symptoms  also 
increase  the  gravity  of  the  prognosis,  as  they  usually  indicate  a  severe 
blood-change,  the  effects  of  which  on  the  nervous  system  are  likely  to 
reach  a  high  degree. 

Treatment. — During  the  early  stage  of  an  attack  of  acute  asoend- 
ing  paralysis,  in  the  absence  of  other  indications,  the  treatment  should 
be  that  suitable  for  myelitis,  since,  at  the  onset,  the  diagnosis  between 
the  two  diseases  can  never  be  certain.  A  warm  bath,  or  still  better, 
a  vapour  bath,  should  be  given  if  the  symptoms  followed  exposure  to 
cold.  It  should  be  followed  by  coimter-irritation  over  the  spine  by  a 
long,  narrow  mustard  plaster.  More  energetic  counter-irritation,  even 
the  actual  cautery,  has  been  recommended.  The  body  should  be  kept 
in  as  peif  ect  rest  as  possible,  and  on  the  side  rather  than  on  the  back. 
In  very  few  cases  have  drugs  appeared  to  exert  any  influence  on  the 
course  of  the  disease,  and  the  malady  is  so  rare  that  experience  aocn- 
mulates  slowly.  Salicylate  of  soda  seems  to  deserve  a  trial  in  cases 
that  follow  exposure  to  cold.  Ergotin  has  been  given,  and  one  case  in 
which  it  was  used  deserves  special  mention.  The  patient  was  a  man 
aged  fifty-seven,  who,  a  week  after  exposure  to  cold  and  wet,  com- 
plained of  a  feeling  of  weight  and  weakness  in  the  legs ;  the  temperature 
rose  to  103° ;  the  loss  of  power  gradually  became  complete  in  the  legs 
and  spread  to  the  arms,  without  loss  of  sensation.  At  the  end  of  the 
second  day  there  was  difficulty  in  swallowing,  in  articulation,  and  in 
breathing,  and  death  seemed  near.  Ergotin  was  given  evexy  hour, 
and  during  the  night  the  patient  took  twenty  grains.  In  the  morning 
the  bulbar  symptoms  were  better,  the  arms  stronger,  and  there  was  a 
trace  of  motor  power  in  the  legs.  The  patient  rapidly  improved,  and 
at  the  end  of  a  week  was  well.  If  swallowing  becomes  difficult,  care 
must  be  taken  to  administer  a  sufficient  amount  of  nourishment,  either 
by  the  reotum  or  by  the  nasal  tube.  A  few  cases  have  been  recorded 
in  persons  who  had  had  syphilis,  in  whom  arrest  of  the  disease  followed 
the  administration  of  iodide  of  mercuiy. 

The  chief  lesson  of  modem  research  is  certainly  that  we  must  look 
for  the  means  of  efEective  treatment  to  the  neutralisation  of  the  toxic 
influence  on  which  the  malady  apparently  depends,  but  at  present 
nothing  has  been  ascertained  regarding  antidotal  agents  available  in 
the  acutely  active  stage  of  these  toxsemic  states.  It  is,  however,  pro- 
bable that  mercury  is  capable  of  doing  good,  and  that  when  the  causa- 
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tfen  k  obscore,  and  fhe  disease  develops  slowlj  enougli  to  permit 
meroccrial  treatment,  it  is  wise  to  adopt  this  inespectiye  of  the  fact  of 
preoeding  syphilis.  In  oases  that  follow  tranmatic  lesions,  espedall j 
if  there  ha^e  been  anj  indications  of  septidemia,  fall  doses  of  per- 
chloride  of  iron  offer,  I  believe,  the  best  means  of  destroying  the 
activity  of  the  blood-state.  The  general  and  local  treatment  should 
be  the  same  as  in  acnte  myelitis. 


PARALYSIS  PROM  LESSENED   ATMOSPHERIC  PRES- 
SURE;  DIVERS'  PARALYSIS;  CAISSON   DISEASE. 

Divers,  and  espedally  those  who  work  in  caissons,  at  snch  a  depth 
beneath  water  that  they  are  exposed  to  considerable  pressure,  may  be- 
come paralysed  soon  after  their  return  to  the  surface.*  Apoplectic 
attacks  and  hemiplegia  also  sometimes  occur,  sometimes  transient 
mental  disturbance,  or  deafness,  or  bleeding  from  the  nose,  but  para- 
lysis of  the  legs  is  by  far  the  most  common  effect,  and  it  is,  therefore, 
dear  that  the  spinal  cord  suffers  in  greater  degree  than  any  other  part 
of  the  nervous  system.  Miners  have  been  said  to  suffer  also,  but  this  is 
doubtful,  because  a  pressure  equal  to  at  least  an  additional  atmosphere 
seems  necessary  for  the  production  of  the  Efymptoms.  Most  of  the 
sabjects  of  the  disease  have  worked  at  a  depth  of  from  forty  to 
ninety  feet  below  the  surface  of  water,  and  under  a  pressure  of  two 
to  four  atmospheres.  In  the  extensive  works  involved  in  laying  the 
foundations  of  bridges,  in  which  many  men  have  been  employed,  a 
considerable  proportion  of  the  workers  have  suffered  in  some  measure ; 
but  severe  degrees  of  affection  are  rare,  because  the  conditions  under 
which  they  occur  can  be  avoided.  They  only  occur  in  those  who  have 
been  exposed  for  more  than  a  certain  time,  which  is  the  shorter  the 
greater  the  pressure.  At  a  depth  of  ninety  feet  beneath  the  surface 
immunity  from  severe  symptoms  (and  commonly  from  all  symptoms) 
IB  obtained  by  reducing  the  periods  of  work  to  an  hour.  I^e  danger 
is  greater  in  those  who  have  had  several  previous  periods  of  work  on 
the  same  day,  and  especially  if  slight  symptoms  have  been  experienced 
after  one  of  these.  It  is  also  greater  in  those  .unaccustomed  to  the 
conditions.  I  have  met  with  one  case  of  hemiplegia  in  a  diver  after 
only  half  an  hour's  work  in  a  well  at  ninety-six  feet,  but  the  man  had 
becoi  down  twice  before  with  only  intervals  of  rest  of  half  an  hour, 
and  the  attack  passed  off  in  the  course  of  an  hour.  In  another  case 
paraplegia  occurred  after  working  for  an  hour  under  only  fifty  feet  of 

*  Sm^  on  this  rabisct^  Babington  and  Cnthbert,  '  Dubl.  Quart  Joom./  1868, 
p.  812  (caMS  at  Londonderry)  i  £ad%  <  Hed.  Times  and  Gas.,'  1871,  p.  S91  (ca««e 
at  St.  Louis)  I  L^den,  *  Arab.  f.  Fkyobiatrie.'  iz.  Heft  Si  and  Hoxon,  'Lanoet,' 
1881.  ii,  629. 
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water,  but  tlie  man  had  worked  on  the  preceding  day  at  a  depth  of 
one  hundred  and  twenty  feet  below  the  surface.  It  is  evident,  there- 
fore, that  the  power  of  resisting  the  dangerous  influence  Taries,  and 
that  predisposition  to  suffer  maj  be  caused  by  the  conditions  which 
also  induce  an  attack. 

It  is  not  during  exposure  to  the  abnormal  conditions,  but  on  retain- 
ing to  the  normal  atmospheric  pressure,  that  the  symptoms  come  on; 
often  immediately,  and  always  within  half  an  hour  or  at  most  an  hour 
of  the  return  to  the  surface.  The  onset  is  usually  preceded  by  other 
symptoms,  and  especially  by  pains  in  the  ears  and  in  the  joints.  The 
latter  are  very  common,  and  occur  after  a  much  slighter  degree  of 
exposure  than  is  needed  to  produce  paralysis.  They  are  felt  chiefly  in 
the  larger  joints,  and  may  continue  for  days  and  even  longer.  Yerj 
rarely  there  is  also  swelling  of  the  joints. 

The  deafness  occasionally  observed  has  been  usually  bilateral,  often 
persisting  in  one  ear,  but  passing  away  in  the  other.  It  has  even  been 
attended  by  severe  vertigo.  The  severer  degree  has  been  ascribed  to 
hsemorrhage  into  the  labyrinth,  but  no  pathological  facts  are  at  present 
available. 

It  is  important  to  note  the  conditions  under  which  the  symptoms 
come  on.  Not  only  do  those  who  are  unused  to  such  work  seem 
especially  liable  to  sufPer,  but  there  are  also  considerable  individual 
variations  in  the  degree  of  liability. 

Paraplegia  or  hemiplegia  may  occur,  but  the  former  is  far  more 
common.  The  onset  of  the  paralysis  is  sudden.  The  legs  feel  heavy 
and  are  found  to  be  weak,  and  in  a  few  minutes  the  patient  is  unable 
to  move  them.  Sensation  is  often  lost  as  well  as  motion,  and  in  all 
severe  cases  the  sphincters  are  affected.  The  arms  are  seldom 
involved.  In  slight  cases  the  loss  of  power  is  incomplete,  and  one 
leg  may  be  more  affected  than  the  other.  The  impairment  of  senaa* 
tion  is  often  imperfect  or  irreg^ular.  If  the  paralysis  is  incomplete 
the  power  may  return  in  the  course  of  a  few  days,  but  in  severe  cases 
the  palsy  usually  lasts  for  weeks  or  even  months,  and  it  may  be 
permanent.  Death  may  occur  at  the  end  of  a  week  or  more,  in  the 
same  way  and  from  the  same  causes  as  in  acute  myelitis.  When  the 
paralysis  is  hemiplegic  it  is  generally  moderate  in  severity  and 
transient,  passing  off  in  a  few  hours  or  days.  It  may  be  even  still 
more  brief,  as  in  the  case  referred  to  above,  in  which  a  diver,  after 
half  an  hour's  work  ninety-six  feet  below  the  sur^use,  suddenly  felt 
tingling  across  his  loins,  and  that  his  right  arm  and  leg  were  almost 
powerless ;  in  half  an  hour  he  had  recovered  sufficiently  to  walk  home- 
If  cerebral  symptoms  are  more  intense,  they  are  generally  very  severe 
with  sudden  loss  of  consciousness,  continuing  as  deep  coma»  irr^;u]aa 
breathing,  and  indications  of  cardiac  pai-nU'sis.  Such  cases  UBually 
end  in  death  in  the  course  of  a  few  hoturs. 

Patholooy. — The  most  probable  explanation  of  these  cases  ascribet 
them  to  the  escape  from  the  blood  of  gases,  with  which  it  has  beooma 
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ohaxged  during  the  exposure  to  the  high  preBsme.  It  is  certain  that 
a  gveaX  excess  of  gas  must  be  dissolred  in  the  blood  during  the  expo- 
sure, and  that  the  amount,  at  least  of  oxygen  and  of  carbonic  acid, 
contained  in  the  blood  wben  the  person  emerges  from  the  caisson 
must  be  yastlj  greater  than  normaL  It  must,  moreover,  be  greater 
the  longer  the  exposure,  since  the  absorption  of  the  excess  will  be 
a  gradual  process,  taking  place  through  the  lungs  in  respiration,  but 
it  will  be  more  rapid  as  the  pressure  is  greater.  These  conditions 
agree  with  obserred  facts.  After  returning  to  the  normal  atmospheric 
pressure,  the  excess  of  gas  probably  passes  ofE  gradually  by  the  lungs 
in  most  infltances ;  but  if  extreme,  gas  may  escape  from  the  blood 
within  the  body.  The  occurrence  of  this  has  been  proved  experimen- 
tally (Hoppe-Seyler  and  P.  Bert).  Gas,  so  escaping,  is  no  doubt 
quickly  reabsorbed,  but  must  exert  a  pressure  capable  of  arresting  the 
function  of  the  structures  of  the  nervous  system.  If  abundant,  it 
may  conceivably  rupture  these.  Further,  the  special  effect  on  the 
nerve-centres  may  be  connected  with  the  position  of  these  within 
cavities  that  are  practically  dosed.  These  conditions,  coupled  with 
the  extremely  circuitous  course  of  the  blood  from  the  cord,  may 
explain  the  incidence  of  the  effects  on  the  nervous  system. 

The  few  ascertained  facts  harmonise  with  this  pathology.  Such 
escape  of  gas  has  been  proved  to  result  from  diminution  of  the 
atmospheric  pressure.*  In  many  cases  no  visible  lesions  have  been 
found,  and  it  is  obvious  that  gas,  widely  effused,  may  exert  dangerous 
pressure,  and  yet  may  be  speedily  removed,  so  that  no  indication  may 
remain  of  the  cause  that  has  completely  arrested  function. 

It  was  once  thought  that  the  symptoms  were  due  to  local  hssmot' 
rhages,  but  extravasations  are  seldom  met  with,  even  in  the  results  of 
experiment,  and  it  is  certain  that  they  take  but  a  trifling  part  in  the 
production  of  symptoms.  The  only  positive  pathological  observation 
agrees  with  the  opinions  above  stated.  Leydenf  foxmd  (in  a  case  of 
characteristic  paraplegia)  small  irregular  fissures  in  the  mid-dorsal 
region,  chiefly  within  the  posterior  and  hinder  parts  of  the  lateral 
column.  The  fissures  were  filled  with  round-cells,  but  contained  no 
red  blood-corpusdes,  and  from  their  well-defined  edges  they  were  cer- 
tainly not  produced  by  the  infiltration  of  the  cells  found  within  theuL 
The  only  explanation  that  is  satisfactory,  or  in  any  harmony  with 
their  features,  is  that  they  were  produced  by  the  sudden  escape  of 
gas,  and  were  afterwards  occupied  by  the  round-cells.^  The  physical 
firmness  of  the  cord  is  far  less  in  the  dorsal  region  than  in  the  en- 
largements ;  and  probably,  as  Leyden  suggests,  this  is  the  reason  why 
the  dorsal  region  suffers  structural  damage  from  the  escape  of  gas 

•  Hoppe-Sejler,  «M(iner»i  Arohiv,*  1887 1  P.  Bert, « Oomptet  Rend.,'  1871-2. 

t  •  Arch.  f.  Plych.,'  ix.  Heft  2. 

X  The  eliniciil  eondition  of  tr»DiieDt  hemiplegia,  which  bee  been  obierved  In 
empyema  es  oocuniDg  daring  Irrigation,  and  thooght  bj  aome  to  be  tte  resnlt 
of  sir  or  gas  emboltem,  may  be  of  timllar  natnre. 
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more  than  other  parts.  It  is  evident,  hoirever,  that  such  escape  maj 
ooeur  in  the  brain,  for  instance,  even  to  a  fatal  degree,  and  leave  no 
traces  unless  it  occurs  so  rapidlj  as  to  cause  laceration  of  the  tissue. 
The  absence  of  hsBmorrhage  of  the  ordinary  character  maj  be  farther 
explamed  by  the  &ot  that  the  effused  air  will  resist  the  effusion  of 
blood.  Some  other  anomalous  features,  such  as  the  transient  cha- 
racter of  the  symptoms  in  some  cases,  are  also  explained  by  the  peculiar 
nature  of  the  lesion,  which  may  exert  a  wide-spread  and  considerable 
influence,  and  in  a  short  time  may  have  vanished  by  the  reabsorp- 
tion  of  the  compressing  air.  HsBmorrhage  must  be  regarded  as  an 
accidental  consequence,  and  the  production  of  such  fissures  as  were 
found  by  Leyden  may  not  be  a  necessary  part  of  the  lesion,  even  in 
grave  cases  The  mechanical  effects  of  ihe  gas  may  be  considerable^ 
and  arrest  the  function  of  the  nerve-elements,  without  the  passage  of 
the  gas  outside  the  capillary  vessels. 

The  fact  that  the  spinal  cord  suffers  more  than  other  organs  may 
be  partly  due  to  the  plexuses  through  which  the  blood  can  return  only 
slowly  to  the  lungs,  where  its  relief  from  the  surcharge  of  gas  is  effected. 
The  same  considerations  apply  to  the  brain.  In  both  organs  the 
escape  of  air  is  more  instantly  disastrous  than  elsewhere,  and,  indeed, 
may  not  only  occur,  but  act  in  a  peculiar  way,  on  account  of  the  posi- 
tion of  the  organs  within  chambers  that  are,  to  a  large  degree,  dosed. 
The  conditions  are  too  complex  to  permit  us  to  follow  them  in  detail, 
or  analyse  fully  the  mechanisms  that  determine  the  effect  on  the 
nerve-centres.  The  escape  of  the  excess  of  gas  in  the  lungs  can  only 
take  place  gradually,  as  successive  quantities  of  the  surcharged  blood 
pass  through  the  capillaries  of  the  air-cells.  If,  in  consequence  of  the 
slowness  of  the  circulation  in  the  cord,  any  escape  of  air  occurs  in  its 
capillaries,  the  effect  of  this  will  be  still  further  to  hinder  the  local 
circulation,  and  to  favour  the  further  escape  of  gas.  In  this  way  we 
are  able  to  discern  something  of  the  mechanism  which  determines  the 
special  affection  of  the  spinal  cord.  The  less  the  external  support  the 
less  will  be  the  resistance  to  the  escape  of  gas,  and  the  incidence  of 
the  lesion  on  the  posterior  part  of  the  cord  may  be»  in  part  at  least, 
determined  by  the  adoption  of  the  recumbent  posture  when  the  first 
symptoms  are  perceived. 

At  the  onset,  when  the  first  symptoms  are  experienoed,  it  is  probable 
that  a  return  to  a  greater  degree  of  pressure  might  arrest  the  develop- 
ment of  the  mischief.  It  is  certain  that,  in  all  oases  of  exposure  to  a 
high  degree  of  pressure,  the  transition  to  the  normal  pressure  should 
be  made  gradually.  When  developed  symptoms  indioate  that  a 
definite  lesion  of  the  cord  has  occurred,  the  further  treatment  must 
be  conducted  on  the  same  principles  as  in  acute  myelitis — ^the  morbid 
process  that  has,  in  &ot^  been  set  up. 
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HEMORRHAGE  INTO  THE  SPINAL  CORD; 
HEMATOMTELIA. 

Priinary  hflBmorrliage  into  the  spinal  oord,  suflBdent  to  oanse  fjm* 
ptoms,  IB  a  veiy  rare  disease,  and  it  is  even  more  rare  than  is  suggested 
by  the  oases  now  and  then  recorded  as  such.  We  have  ahneadj  seen 
that  h»morrhage  may  accompany  myelitis ;  a  considerable  extraTasa* 
tion  may  occur  when  the  inflammation  is  only  commencing,  during  the 
state  of  congestion,  and  while  the  symptoms  are  slight.  Such  cases 
are  easily  mistaken  for  primary  heemorrhage.  The  risk  of  error  is  not 
always  remoyed  by  pathological  examination.  Inflammation  results 
from  hsemorrhage,  and  when  indications  of  myelitis  are  found  about 
a  dot,  it  may  be  impossible  to  say  whether  these  are  primary  or 
secondary.  It  is  probable  that  many  cases  of  secondary  myelitic 
haemorrhiEkge  have  been  regarded  and  described  as  primary,  and  it  is 
possible  that  a  few  cases  of  primary  hemorrhage  haye  been  regarded 
as  secondary.  One  writer,  Hayem,*  goes  so  far  as  to  deny  the  occiur- 
rence  of  primazy  non-traumatic  hemorrhage ;  but  such  an  exdusivA 
view  is  unwarranted.  It  is  certain,  however,  that  the  history  of 
primary  hemorrhage  has  been  largely  written  from  uncertain  data, 
and  will  need  extensive  revision  when  a  sufficient  number  of  exact 
observations  have  acciunulated.  It  is  probable  that  the  causal 
influences  constitute  the  surest  guide.  When  hemorrhage  occurs 
imder  conditions  which  usually  induce  myelitis,  the  extravasation 
must  be  regarded  as  the  result  of  the  vascular  disturbance  of  com- 
mencing inflammation. 

Etiology. — The  rariiy  of  hemorrhage  into  the  cord  is  especially 
great  in  comparison  with  the  frequency  of  hemorrhage  into  the  brain. 
The  difference  probably  depends  on  the  tortuous  and  long  course  of 
the  arterial  path  to  tbe  cord,  whereby  the  vessels  are  preserved  from 
the  high  pressure  which  is  the  chief  cause  of  the  degeneration,  dilata- 
tion, and  rupture  of  the  cerebral  arteries.  Miliaiy  aneurisms  are  not 
found  within  the  spinal  cord.  Hemorrhage  is  far  more  common  in 
males  than  in  females.  It  may  occur  at  any  age,  and  has  been  met 
with  in  young  children,  even  so  early  as  seven  months,t  while  some  of 
the  subjects  have  been  in  advanced  life ;  but  it  is  most  common 
between  twenty  and  forty,  {.  e.  during  the  first  half  of  adult  life. 
Many  cases  occur  in  young  adults  apart  from  injury  or  obvious 
exciting  cause,  and  apart  also  from  initial  myelitis,  which  accounts, 
however^  for  some  of  the  cases.  It  has  been  met  with  as  a  conse- 
quence of  a  hemorrhagic  tendency,  as  in  a  case  in  which  it  succeeded 

•  *  Dm  H^morrmgiet  intra-nchidienuet,'  Paris,  1872. 

t  Clifford  Allbutt, '  Laocet,'  1870,  vol.  U,  p.  84.  Namerow  hemorrhages  were 
^baerred  in  tho  grey  matter  of  the  lumbar  and  cervical  enlargementa  (probably 
poUo-mysliHe,  but  occurring  the  day  after  a  fail)  in  a  child  of  fonr  by  Chaifey 
CFkth.TranB.,'1885). 
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severe  epistaxis,  to  which  the  patient,  a  jotmg  man  of  twenly-foorp 
waa  liable.* 

Of  immediate  causes,  injury  is  the  most  frequent,  espedany  ftlli 
which  involye  a  severe  concussion  of  the  spine ;  the  spinal  column  may 
or  may  not  be  injured  at  the  same  time.  Over-exertion  and  exposure 
to  cold  have  in  rare  cases  preceded  the  onset.  Chronic  alcoholism  and 
sexual  excess  have  been  thought  to  predispose.  In  one  case  within 
my  knowledge,  an  extensive  hsemorrhage  into  the  grey  substance  at 
the  top  of  the  lumbar  enlargement  resulted  from  coitus  four  times 
repeated,  the  symptoms  commencing  suddenly  during  the  fourth  act. 
Minute  extravasations  are  often  found  after  death  from  diseases  which 
interfere  with  respiration  and  cause  venous  congestion,  and  they  are 
especially  frequent  in  maladies  which  at  the  same  time  cause  funo* 
tional  excitement  of  the  cord,  as  tetanus  and  all  severe  convulsions. 
They  cause  no  symptoms,  and  are  probably  produced  during  the  last 
moments  of  life.  They  have  been  termed  "  oceeBsory"  The  diseases 
of  the  cord  that  lead  to  secondary  hsBmorrhage  are  chiefly  inflamma- 
tion, tumours,  and  cavities  in  the  cord.  The  last-named  condition  in 
especially  important.  It  is  probable  that  hsemorrhage  occura  more 
readily  if  the  spinal  cord  contains  a  congenital  cavity  or  fissure,  due 
to  an  arrest  of  development,  and  surrounded  by  embryonal  neuroglial 
tissue.  Hence  this  condition  will  be  found  in  disproportionate  fre- 
quency in  cases  of  hsBmorrhage. 

PATHOLOoiCiUi  Anatomt. — ^Thc  minute  extravasations  just  men- 
tioned, as  met  with  after  asphyxial  and  convulsive  diseases,  are  found 
in  both  the  grey  and  white  substance,  but  especially  in  the  former. 
They  are  usually  microscopic,  or  visible  to  the  naked  eye  as  minute 
red  points,  distinguishable  from  distended  vessels  only  by  their 
slighter  resistance  to  a  stream  of  water.  The  extravasation  may 
occupy  the  perivascular  sheath,  or  the  cavity  in  which  the  vessel  lies, 
or  extend  between  the  nerve-elements.  The  larger  non-traumatic 
hsemorrhages,  which  cause  symptoms,  always  begin  in  the  grey 
substance,  and  are  often  confined  to  it,  extending  into  the  white 
colunms  only  when  large  in  size.  The  vessels  of  the  grej  substance 
are  more  niunerous  than  those  of  the  white,  have  less  external  support, 
and  probably  undergo  more  considerable  changes  in  state.  The 
effusion  forms  a  cavity  in  the  cord,  sometimes  rounded,  sometimes 
irregular  in  transverse  section,  and  half  an  inch  or  more  in  vertical 
ext^Dt.  The  cord  is  enlarged  at  the  seat  of  the  luemorrhage,  and 
this  iray  be  visible  externally  as  a  dark  swelling  the  size  of  a  nut  or 
a  l>^au.  Very  rarely  the  hsemorrhage  tears  the  layer  of  cord  which 
limits  it,  and  blood,  usually  only  in  small  quantity,  escapes  into  the 
mombranes.  The  tissue  adjacent  to  the  clot  is  usually  broken  down, 
stained,  and  softened,  and  inflammatory  changes  may  be  recognised 
in  it  with  the  microscope,  just  as  in  the  neighbourhood  of  haemor- 
rhages into  the  brain.  As  in  the  latter,  the  effused  blood  slowlj 
•  Sincliur, «  Lance^'  1885,  ii,  p.  1048. 
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undergoes  changes  in  tint,  becoming  first  rusty  and  then  yellow,  and 
ultimately  a  cyst  maj  remain.  Several  extrayasatious  may  co-exist» 
nsuallj  in  the  same  part  of  the  cord.  In  contrast  to  this  focat 
hmmarrhage  there  may  be  an  infiltration  of  the  grey  matter  with 
pnnctiform  extrayasations,  which  may  appear,  until  closely  examined, 
to  be  a  single  h»morrhage.  The  tissue  between  these  small  extra- 
vasations is  broken  down.  It  is  probable  that  this  form  is  always 
secondary  to  myelitis,  as  in  the  case  mentioned  in  the  foot-note  on 
p.  487.  In  audi  secondary  cases  a  careful  microscopical  examination 
usuallj  reveals  indications  of  inflammation  much  more  extensive  than 
the  area  affected  by  the  hsemorrhage.  A  growth  into  which  hsBmor- 
rhage  occurs  is  usually  a  glioma,  unaffected  parts  of  which  will  be 
found  in  the  neighbourhood  of  the  extravasation.  The  cavities  in  the 
cord  into  which  blood  may  escape  are  sometimes  of  considerable 
vertical  extent.  I  have  known  a  fissure  in  the  posterior  column  to  be 
filled  with  blood  through  almost  the  whole  length  of  the  cord.  This 
condition  thus  favours  both  the  occurrence  and  the  extension  of 
hssmorrhage. 

Symptoms. — Slight  symptoms,  "  prodromata,"  have  been  observed 
in  some  cases,  chiefly  in  the  form  of  trifling  sensory  disturbance, 
tingling,  &c.,  in  the  limbs  afterwards  paralysed.  They  have  existed 
for  a  few  hours  or  days,  or  even  for  two  or  three  weeks  before  the 
onset.  It  is  probable,  however,  that  these  have,  been  cases  of 
secondary  myelitic  heemorrhage,  and  that  there  are  no  premonitoiy 
symptoms  in  primary  extravasations.  The  actual  onset  is  always 
sudden  ;  the  symptoms  attain  a  considerable  degree  in  the  course  of 
a  few  minutes,  but  they  sometimes  increase  during  one  or  two  hours, 
when  the  haemorrhage  is  from  a  small  vessel  and  slowly  increases  in 
miB — probably  augmented  by  the  rupture  of  other  vessels  which  are 
torn  in  the  tissue  lacerated  by  the  blood.  Occasionally  there  has 
been  transient  loss  of  consciousness  without  any  cerebral  lesion, 
probably  from  the  upward  influence  of  the  shock.  Earely  the  onset 
has  been  bj  a  series  of  sudden  augmentations  of  the  symptoms. 
Sometimes  the  symptoms  come  on  during  sleep.  The  suddenness  of 
the  onset  is  the  characteristic  of  the  disease. 

The  symptoms  which  thus  develop  vary  according  to  the  seat  and 
extent  of  the  extravasation.  In  the  majority  of  cases  there  is  para- 
plegia, complete  motor  and  sensory  paralysis  up  to  the  level  of  the 
lesion,  with  loss  of  power  over  the  sphincters.  Pain  commonly  but 
not  invariably  accompanies  the  sudden  palsy ;  it  may  be  felt  in  the 
spine -or  in  the  sacrum,  round  the  trunk,  at  the  front  of  the  thorax, 
or  at  the  epigastrium,  sometimes  seeming  to  pass  thence  through  the 
trunk  to  Uie  spine,  or  it  may  be  felt  in  the  legs.  If  in  the  spine  it 
is  local,  and  does  not  extend  through  a  considerable  length  of  the 
spine,  as  in  meningeal  hsemorrhage,  and  there  is  not  the  initial  spasm 
and  rigidity  which  characterise  the  latter  disease.  This  pain  may 
precede  the  palsy,  even  for  half  an  honr  or  an  hour ;  it  begins  suddenly. 
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and  is  no  doubt  due  to  the  first  slight  extrayasation,  whieh  afterwardf 
increases  (when  some  resistance  jieldfl),  and  effects  the  oompressioii 
that  produces  the  paralysis.  Thus  a  girl  aged  fifteen  was  seised 
with  sudden  sharp  pain,  referred  to  the  sternum  at  the  maamnaiy 
leyel,  and  to  the  corresponding  r^on  of  the  spine;  4his  continued 
for  half  an  hour,  when  the  legs  suddenly  became  powerless  and  insen- 
sitire.  It  is  highly  probable  that  when  there  is  such  initial  medial 
or  bilateral  pain  the  hsmorrhage  occurs  in  the  central  region  of  the 
grey  matter,  perhaps  from  one  of  the  commissural  or  anastomotic 
arteries  (see  p.  227),  and  that  the  pain  is  due  to  the  irritation  of  the 
fibres  of  the  posterior  commissure,  in  which  the  paths  for  pain  cross 
the  middle  line  The  spinal  column  may  be  tender  opposite  the 
afEected  spot.  Usually  the  paralysed  muscles  are  relax^.  Some- 
times they  are  the  seat  of  early  clonic  contractions,  or  these  may  come 
on  a  few  days  after  the  onset.  When  the  hsBmorrhage  is  in  the 
ceryical  region  all  the  limbs  are  powerless  ;  one  arm  is  often  affected 
before  the  other.  The  state  of  reflex  action  varies  according  to  the 
seat  of  the  disease ;  if  it  is  at  first  abolished  it  quickly  returns  in  the 
legs  (unless  the  haemorrhage  is  in  the  lumbar  enlargement),  and  it 
soon  becomes  excessiye  unless  destroyed  by  secondary  myelitis — a 
not  unfrequent  consequence.  In  one  case  there  was  a  remarkable 
initial  increase  of  myotatic  irritability  a  few  hours  after  the  onsets 
probably  irritative,  and  quickly  giving  place  to  loss.*  Yaso-motor 
and  trophic  changes  in  the  skin  are  common  and  often  intense ;  there 
is  often  vascular  dilatation ;  bedsores  readily  form,  and  cystitis  may 
result.  Frequently  the  secretion  of  sweat  is  increased  for  a  time. 
The  temperature  is  normal  at  the  onset,  but  it  generally  rises  in  the 
course  of  a  few  days  from  secondary  inflammation  in  the  cord. 

The  palsy  developed  at  the  onset  usually  continues  for  a  week  or 
ten  days,  although  the  pain  may  lessen.  The  symptoms  do  not  always 
increase  during  the  stage  of  inflammation,  perhaps  because  this  only 
involves  the  structures  which  are  already  impaired  by  pressure ;  but  if 
the  patient  has  been  brought  near  to  death  by  the  primary  hiemor- 
rhage,  the  secondary  inflammation  may  end  life.  Occasionally,  more- 
over, symptoms  of  an  ascending  or  descending  myelitis  may  come  on* 
and  the  former  may  cause  death  by  its  interference  with  the  muscles 
of  respiration.  This  extension  is  greatest  probably  in  cases  of 
myelitic  hsemorrhage,  in  which  the  extravasation  is  merely  an  incident 
in  the  course  of  a  commencing  inflammation,  but  it  seems  also  to  occur 
in  cases  of  primary  haemorrhage,  llie  slow  extension  upwards  of  the 
symptoms  during  the  first  week  may  be  very  distinct ;  apcl  the  occur- 
rence of  descending  inflammation  may  be  shown  by  the  loss  of  reflex 
action,  and  by  the  failure  of  electric  irritability  in  the  muscles,  sometimes 
only  in  those  supplied  from  the  upper  part  of  the  lumbar  enlaigement. 

The  s3rmptoms  pass  into  a  chronio  stage,  improvement  being  usually 
slow.    Some  lasting  loss  of  power  remains  in  most  cases,  and  there  is 

•  Sinclair,  loc.  cit. 
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irfton  some  pemuuient  muscalar  waating  on  aooonnt  of  tba  frequency 
with  which  the  hemorrhage  is  in  the  oerrical  or  lumbar  grey  matter. 
Oooarionally  there  is  rapid  reooTorj  up  to  a  certain  point ;  a  heemor- 
rhage  of  small  size  may  abolish  conduction  in  the  white  columns  by 
the  suddenness  with  which  it  compresses  them,  and  the  effects  of  the 
pressure  may  quickly  pass  away,  while  those  remain  that  are  due  to 
the  destruction  of  the  grey  matter. 

Diagnosis. — The  diagnosis  rests  on  the  actually  sudden  onset  of 
the  symptoms,  and  on  the  occurrence  of  pain,  in  a  limited  region,  as 
part  of  these*  The  former  is  eyidence  of  a  rascular  lesion  (rupture 
or  closure),  and  the  latter  shows  an  acute  irritation  of  the  nerve- 
elements,  such  as  may  be  produced  by  their  laceration,  but  not  by 
mere  depriyation  of  blood.  It  must  be  remembered,  however,  that 
we  cannot  assume  that  symptoms  which  come  on  during  the  night's 
sleep  are  of  sudden  onset.  Neglect  of  this  consideration  sometimes 
causes  a  mistake  in  diagnosis.  The  mode  of  onset  is  a  suf&cient 
distraction  from  all  other  organic  diseases,  except  hiemorrhagio 
myelitis  and  meningesl  hssmorrhage.  The  former  (really  a  variety 
of  hemorrhage)  is  distinguished  by  the  existence  of  slight  symptoms 
before  the  sudden  attack.  We  are  not  justified  in  regarding  at 
primaiy  hemorrhage  any  case  in  which  premonitory  symptoms 
existed  for  more  than  a  few  minutes,  unless  such  symptoms  were  so 
pronounced  and  sudden  in  onset  that  they  might  have  been  due  to  a 
definite  extravasation,  afterwards  increasing.  Initial  fever  (within 
the  first  six  hours)  always  makes  myelitis  probable,  provided  there 
is  no  other  cause  for  it.  The  distinction  from  meningeal  hemorrhage 
has  been  mentioned  in  the  account  of  the  symptoms,  and  in  the 
description  of  that  disease. 

Pbognosis. — ^In  all  cases  in  which  the  symptoms  are  considerable  in 
d^^ree  or  wide  in  range,  the  danger  to  life  is  great,  and  remains  great 
until  they  begin  to  subside.  The  prognosis  is  better  when  the  disease 
is  in  the  dorsal  region  than  when  it  is  in  the  enlargements,  for  the 
same  causes  as  influence  the  prognosis  in  myelitis.  It  is  better  when 
sensation  returns  in  the  course  of  a  few  days,  but  if  the  enlargements 
aie  affected  other  sources  of  danger  remain  considerable.  Early 
trophic  changes  also  render  the  prognosis  worse,  for  they  show  an 
intensity  of  degree  that  may  involve  grave  danger.  After  the  onset  is 
over,  the  forecast  must  be  guided  by  the  general  principles  that  deter- 
mine the  prognosis  in  acute  myelitis. 

Tbmatmbnt. — The  treatment  of  hemorrhage  into  the  substance  of 
the  cord  is  the  same  as  that  of  hemorrhage  into  the  membranes 
(p.  889)  The  measures  requisite  are  few,  simple,  and  all-important. 
Absolute  rest  and  the  prone  position  are  to  be  secured  before  anything 
else  is  thought  of.  Ice  should  be  applied  to  the  spine  over  the  seat  of 
the  hemorrhage.  The  bowels  should  be  opened  freely,  and  full  doses 
0f  ergot  or  ergotin  may  be  given :  5ss  of  the  liquid  extract  or  five 
giBins  of  ergotin  may  be  given  by  the  mouth,  or  three  grains  of  ergotin 
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may  be  injected  under  the  skin,  and  the  dose  may  be  repeated  two  oi 
three  times,  at  interrals  of  two  hours.  A  few  large  doses  are  probably 
more  efEectual  than  smaller  doses  continued  for  a  longer  time,  since 
the  hsemorrhage  probably  does  not  go  on  for  long.  The  after-treat- 
ment must  be  that  for  myelitis.  The  disease  is  one  of  those  in  which 
most  of  the  good  that  can  be  done  by  treatment — and  in  few  *^imnnaim 
is  the  opportunity  more  urgent — rests  with  those  in  whose  hands  the 
patient  is  immediately  after  the  onset. 


BEOENEBATIONS  OF  THE  SPINAL   COBB. 

A  large  and  important  class  of  diseases  of  the  spinal  cord  consists  of 
those  in  which  there  is  a  slow  degeneration  of  the  nerre-elements,  with 
an  OTorgrowth  of  connectiye  tissue,  and  in  which  structures  are  affected 
that  haye  a  common  function,  while  others  that  have  a  different 
function  escape  even  when  they  are  adjacent  to  the  elements  that  are 
diseased.  Affecting  thus  functional  "systems,"  they  are  termed 
'*  system  diseases."  This  term  has  been  used  in  seyeral  senses,  more 
or  less  special  (even  based  on  the  deyelopmental  relations  of  the 
structures),  and  hence  the  question  whether  a  giyen  malady  is  a 
"  system  disease  "  or  not,  is  one  to  which  yarious  answers  haye  been 
giyen.  The  term  is  here  used  in  its  widest  and  simplest  sense,  as 
meaning  an  affection  of  the  structures  that  haye  a  function  either  the 
same,  or  so  far  allied  that  they  work  together  as  parts  of  one  system, 
distinguishable  as  such  from  other  sets  of  structures.  A  "  system 
disease  "  may  involye  all  the  structures  of  the  system,  or  only  some  or 
one  of  them;  its  chief  distinction  is  from  a  random  disease  that 
inyolyes  structures  irrespectiye  of  function — ^merely,  for  instance, 
because  they  are  contiguous,  or  supplied  by  the  same  artery. 

In  "  system  diseases  "  the  primary  change  is,  as  a  rule,  in  the 
nerve-elements,  and  the  overgrowth  of  interstitial  tissue  is  seoondaiy. 
The  process  is  analogous  to  that  which  occurs  in  the  secondary 
degeneration  of  nerve-fibres,  in  which  the  first  change  is  oertainly  in 
the  nerve-elements,  the  destruction  of  which  is  followed  by  an  over- 
growth of  nuclei  and  supporting  tissue,  amounting  ultimately  to 
a  "  sclerosis,"  as  it  is  termed.  The  process  is  by  some  regarded  as  a 
chronic  parenchymatous  inflammation,  an  inflammation  beginning  in 
the  proper  functional  elements  of  the  organ,  but  it  seems  undesirable 
thus  to  widen  and  loosen  our  conception  of  inflammation ;  so  far  as 
the  process  is  concerned  the  question  is  one  of  name  rather  than  of 
nature. 

Another  question  of  much  greater  interest  is  the  relation  of  the  two 
elements  in  the  process,  the  wasting  and  the  growth,  the  atrophy  of  the 
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I  tissue,  the  hjpertropliy  of  tlie  connective  tissue.  The  failure  of 
nutrition  in  the  one  causes  an  increased  energy  of  nutrition  in  the 
other.  We  hare  seen  this  relation  in  the  nerye-fibres.  The  degene- 
ration of  a  fibre  is  attended  by  an  actiye  growth  of  its  nuclei  and 
protoplasm.  The  nutrition  of  the  two  elements,  the  neural  and  the 
adyentitial,  is  eiddentiy  connected  in  the  closest  manner,  but  in  inyerse 
course.  It  is  important  to  recognise  the  fact  that  the  process  of 
growth  of  the  connective-tissue  elements  is  an  active  manifestation  of 
nutritional  energy,  which,  when  once  excited,  may  be  t^  some  extent 
independent  of  its  cause.  It  may,  when  veiy  active,  pass  beyond  its 
proportional  limits,  and  be  greater  than  corresponds  to  the  nerve 
atrophy  that  causes  it,  invading  adjacent  structures  as  if  an  inde- 
pendent process.  It  may,  when  veiy  rapid,  have  some  of  the  cha- 
racters of  an  interstitial  inflammation,  and  even  an  acute  inflamma- 
tion. Such  excess  is  quite  unusual ;  as  a  rule  the  seoondaiy  process 
is  subordinate  and  proportioned  to  the  primaiy  change. 

These  degenerative  diseases  fall  into  certain  types  so  far  as  the  spinal 
cord  is  concerned,  but  they  are  subject  to  some  variety  of  combination 
even  there,  and  to  great  diversity  of  association  with  degenerative 
changes  elsewhere.  The  affection  of  the  cord  ia  of  either  the  sensory 
or  the  motor  elements,  or  both.  The  type  of  the  former  is  tabes ;  of 
the  latter,  either  spastic  paraplegia  or  muscular  atrophy,  according  as 
the  lower  segment  of  the  motor  path  is  affected,  or  the  upper.  Other 
combinations  of  affection  will  be  better  understood  when  the  diseases 
are  described. 

The  degenerative  diseases  are  not  numerous,  but  they  are  of  great 
importance.  They  are,  degeneration  of  the  anterior  comua  and  anterior 
root-fibres,  causing  muscular  atropby ;  degeneration  of  the  posterior 
columns  and  posterior  root-fibres,  causing  locomotor  ataxy;  and 
degeneration  of  the  pyramidal  tracts,  causing  spastic  paraplegia,  a 
disease  the  exact  pathological  position  of  which  is  not  quite  certain. 
These  degenerations  may  be  varioudy  combined,  and  some  ftmmhmft^ 
tions  need  separate  description. 

Their  causes  are  various.  In  some  the  nutrition  of  the  nerve- 
elements  fails  soon  after  they  have  achieved  maturity,  and  this  is 
prone  to  occur  in  members  of  the  same  family.  In  other  cases,  which 
present  a  contrast  to  those  just  mentioned,  and  yet  are  allied,  there  is 
a  senile  degeneration,  apparentiy  in  consequence  of  less  vital  endur- 
ance in  these  elements  of  the  nervous  system  than  in  the  other 
structures  of  the  body.  In  such  cases  the  local  degeneration  merely 
anticipates  the  somatic  death  which  it  too  often  induces.  In  these  we 
must  assume  an  inherent  deficiency  of  vital  endurance  in  the  struc- 
tures that  fail.  A  similar  assumption  seems  to  be  the  only  explanation 
for  the  cases  in  which  degeneration  of  certain  elements  of  the  central 
nervous  system  occurs  in  middle  life,  between  thirfy-five  and  fifty, 
usually  as  a  result  of  depressing  emotion,  or  of  some  influence  whidh 
lessens  the  general  nutrition.      Lastiy,  we  are  confronted  with  a  large 
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and  varied  class  of  oases,  in  wluch  similar  degenerations  seem  to  lesolt 
from  toxic  agents  present  in  the  blood.  These  may  be  reoeiTed  from 
without,  or  generated  within  the  system,  and  an  espedall j  potent  souros 
of  such  toxins  seems  to  be  the  deyelopmeiit  of  the  organism!  of 
specific  diseases. 


LOCOMOTOR  ATAXY;    TABES   DORSALIS. 

The  malady  thus  named  is  the  most  common  chronic  diseftse  of  the 
spinal  cord.  It  consists  in  a  degeneration  in  the  posterior  oolomns  of 
the  spinal  cord,  or  the  peripheral  sensory  nerres,  or  botlu  According 
to  the  current  views,  it  is  the  expression  of  impaired  nutritional  in^ 
fluence  of  the  sensory  neurons  of  the  spinal  cord,  primarilj  of  those 
related  to  the  afferent  muscle-nerves,  but  often  also  other  afferent 
nerve-systems,  including  those  from  the  skin.  The  nutritional  centre 
is  in  the  posterior  ganglia,  and  the  toxin  apparentiy  acts  first  on  the 
extremity  of  the  sensory  fibres,  and  also  on  those  that  pass  into  the 
cord.  The  effect  is  manifested,  when  considerable,  by  inco-ordination 
of  movement,  peculiar  pains,  defective  sensibility,  and  loss  of  the 
myotatic  irritability  (muscle-reflex  uction),  of  which  the  knee-jerk  is 
the  most  conyenient  manifestation.  When  slight  in  degree,  the  sym- 
ptoms may  be  limited  to  the  pains  and  the  loss  of  the  knee-jerk.  The 
name  ''locomotor  ataxy"  was  given  to  the  disease  by  Duchenne; 
"tabes  dorsalis,*'  or  "wasting  of  the  back,**  is  a  term  applied  by 
Hippocrates  to  certain  symptoms  supposed  to  be  due  to  venereal 
excess,  and  long  ago  limited  in  Germany  to  symptoms  believed  to 
depend  on  atrophy  of  the  spinal  cord.  It  then  included  all  chronic 
paraplegias,  but  was  further  restricted  to  this  disease  by  Bomberg. 
It  has  lately  obtained  wider  use  on  account  of  the  discovery  that  inoo* 
ordination  may  be  absent  when  the  disease  is  slight  in  degree. 

The  symptoms  vary  much  in  different  cases.  Besides  the  varietaes 
thus  produced,  there  are  two  allied  affections  that  ought  not  to  be 
classed  with  it.  One  is  the  so-called  "  hereditaiy  ataxy."  The  other 
is  that  in  which  both  weakness  and  inco-ordination  co-exist  from  the 
first ;  "  ataxic  paraplegia  "  it  may  be  called.  Each  differs  from  other 
varieties  with  sufficient  constancy  to  merit  separate  consideration. 
These  forms  are  not  included  in  the  following  account. 

History. — The  inco-ordination  of  movement  and  other  symptoms 
of  the  disease  were  frequently  noted,  during  the  first  third  of  this 
century,  in  cases  of  disease  of  the  spmal  cord,  but  such  cases  were  not 
distinguished  from  those  with  actual  loss  of  power.  The  inco-ordina- 
tion was  found  to  be  associated  with  disease  of  the  posterior  columns 
by  Stanley  *  The  first  really  exact  account  of  the  disease  was  pnb- 
•  *  Med.  Qaztitte,'  Feb.,  1840,  and  *  Med.-Cbir.  Tniu^'  voL  xziii. 
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Bdied  in  1847  hy  Todd,*  who  diitinguiBhed  tlie  cases  with  ineo-ordina- 
lion  and  without  weakness*  from  simple  paraplegia,  and,  apparently 
not  aware  of  Stanley's  obserration,  he  inferred  (from  the  character 
of  the  symptoms  and  his  theory  that  the  posterior  oolnmns  contain 
fibres  connecting  segments  of  tiie  cord  at  different  levels)  that  the 
posterior  columns  would  be  found  diseased;  and  he  vedfied  this 
inference  by  finding  in  two  cases  disease  of  these  columns.  The  credit 
of  tlie  discovery  of  the  disease  belongs,  if  to  anyone,  unquestionably 
to  Todd,  and  few  diseases  can  with  gpreater  truth  be  said  to  have  been 
"discovered.*'  Pour  years  later  (in  1861)  Romberg  described  the 
disease  and  the  lesion  in  the  posterior  columns,  but  he  failed  to  exclude 
loss  of  power  from  the  symptoms.  Russell  Reynolds,  in  1855,  gave 
an  accurate  description  of  the  symptoms,  and,  in  attributing  the 
ataxy  to  muscular  annesthesia,  was  the  first  to  give  what  we  must  now 
regard  as  the  true  explanation  of  the  chief  symptom.f  A  series  of 
cases  was  described  by  Gull  in  1856  and  1857.  Turck  first  observed 
with  the  microscope  the  wasting  of  the  fibres  in  the  posterior  columns. 
Dnchenne  in  1858-9  published  an  independent  and  very  able  analysis 
of  the  symptoms  of  the  disease,  and  gave  it  the  name  "locomotor 
ataxy/'  He  obtained  for  it  (with  the  help  of  Trousseau's  "  Lectures  ") 
the  recognition  that  previous  descriptions  had  failed  to  secure,  and 
achieved  such  a  degree  of  success  that  the  malady  is  called  in  France 
"  Duchenne's  disease."  If  any  name  is  attached  to  it,  that  of  Todd 
alone  can  be  right. 

Caubxs. — The  disease  is  much  more  frequent,  in  this  country  at 
leasts  in  urban  than  rural  poptdations.  Inherited  influence  is  to  be 
traced  only  in  a  small  proportion  of  the  cases,  perhaps  in  not  more 
than  10  per  cent.  It  is  usuaUy  a  general  neurotic  heredity,  manifested 
by  such  diseases  as  insanity,  epilepsy,  and  other  degenerative  diseases 
of  the  nervous  system.  Instances  of  this  are — ^father  epileptic; 
father  insane ;  two  sisters  insane.  But  in  this  small  percentage  the 
influence  becomes  insignificant  in  the  presence  of  the  chief  cause,  to  be 
mentioned  presently,  since  in  many  instances  its  coincidence  must  be 
accidental.  IMrect  inheritance  of  the  disease  is  extremely  rare  (the 
■pedal  hereditary  form  being  always  excluded).  A  boy  with  distinct 
symptoms  and  optic  nerve  atrophy  was  the  son  of  a  man  who  pre- 
sented characteristio  indications  of  the  early  stage  of  tabes  (Remak). 
In  most  instances  of  this  character  the  inheritance  is  not  direct,  being 
effected  by  means  of  syphilis.  The  inherited  disease  is  probably  the 
only  cause  of  the  juvenile  form  of  tabes. 

Males  suffer  far  more  frequently  than  females,  the  proportion  being 
about  ten  to  one,  and  this  seems  to  imply  some  proclivity  inherent  in 

•  'OyefepiBdis  of  Aimtomy  Rnd  Phyiiology,'  rtA.  Ill,  p.  721. 

t  RsynoldSy «  DiagiiMls  of  Diteawi  of  the  Brain,  Ac./  1856,  '*  Anatthetia  Uub* 
evlirift.*  Oertnin  words  arv  worth  qooting :~"  It  nppeart  most  probable  that  the 
centripetal  trmot  of  fibres  ia  affected,  and  that  the  locality  of  leaion  ia  very  Tariable  " 
(p.  165). 


446  SPINAL   OO&D. 

the  male  sex.  A  like  preponderance  of  males  obtains  in  a  diseaaethal 
has  a  close  alliance  with  tabes — general  paralysis  of  the  iusane.  It  ii» 
howeyer,  not  certain  that  the  sexual  differenoe  maj  not  be  connected 
with  the  wider  dissemination  of  the  chief  cause — syphilis — among 
men,  and  with  some  peculiar  power  of  resistance  to  its  influence  on  the 
part  of  women.  The  middle  period  of  adult  life  is  that  in  which 
locomotor  ataxy  usually  commences.  No  less  than  half  the  cases  begin 
between  thirty  and  forty,  one  quarter  between  forty  and  fifty,  and 
rather  less  than  a  quarter  between  twenty  and  thirty.  It  rarely  begins 
after  fifty,  but  I  hare  once  known  it  to  develop  at  sixty-six.  Under 
twenty  it  is  still  more  rare,  but  cases  are  met  with  as  early  as  ten,  and 
even  in  quite  young  children,  the  subjects  of  the  cause  next  described. 
Among  the  individual  causes,  one  OTershadows  all  the  rest — the 
influence  of  syphilis.  A  yeiy  large  proportion  of  the  sufferers  have 
had*  at  some  previous  time,  constitutional  syphilis,  either  distinct 
secondary  symptoms  or  an  indurated  sore.  The  proportion  is  almost 
as  large  in  the  upper  and  middle  dasses  as  in  the  lower.  Of  175 
consecutive  cases  of  the  disease  in  men,  seen  in  private  practice  (in 
which  the  past  history  can  be  relied  on  with  more  confidence  than  in 
hospital  patients),  no  less  than  114  of  the  cases,  or  69  per  cent.,  gave 
a  history  of  a  chancre  known  to  be  hard,  or  of  secondary  sym- 
ptoms ;  and  twenty-two  others  had  had  a  venereal  sore  of  unknown 
nature.  The  percentage  of  those  with  a  history  of  syphilis  or  m 
hard  chancre  is  77.  In  another  18  per  cent,  there  was  a  history  of 
gonorrhcBa,  in  some  cases  of  repeated  attacks ;  this  involves  exposure 
to  the  risk  of  syphilis.  Patients  with  unquestionable  seoondaiy 
syphilis  are  often  ignorant  of  any  primary  sore.  When  a  disease  is  m 
distinct  sequel  of  syphilis  in  so  large  a  proportion  of  cases  as  69  per 
cent,  we  are  justified  in  assuming  a  similar  relation  in  at  least  m 
majority  of  the  cases  in  which  infection  cannot  be  excluded.  Gonorrhoea 
emphasises  the  inability  to  exclude  syphilis,  but  in  no  less  than  8  per 
cent,  of  the  total  number  of  cases  was  there  no  exposure  to  the  risk  of 
contracting  syphilis  in  the  common  way.  In  the  lower  dasses  the  pro- 
portion is  higher,  and  has  been  estimated  at  80  per  cent.,  or  even  more. 
The  ascertainable  facts  are  certainly  below  the  real  facts,  as  I  have 
pointed  out  elsewhere.*  When  a  deduction  is  made  for  possible 
accidental  coinddence,  there  remains  at  least  one  half  of  the  cases  in 
which  numerical  coinddence  must  depend  on  causal  relationship.  It 
is  probable,  indeed,  that,  taking  all  cases,  a  causal  proportion  of  three 
quarters  would  be  nearer  the  truth.  In  women  also  antecedent  sypbilis 
can  often  be  traced,  although  rather  less  frequently  than  in  men.  At 
the  same  time  the  facts  are  even  more  difficult  to  ascertain,  since  in 
married  women  syphilis  so  often  runs  a  latent  course.  But  in  the  cases 
of  tabes  that  succeed  syphilis  the  lesion  is  not  syphilitic  in  histological 
character ;  it  is  as  degenerative  as  in  the  cases  in  which  syphilis  can  be 
exduded,  and  it  is  not  influenced  by  the  treatment  for  syphilis.  Hence 
•  *  LetUomiau  Lectores/  18^. 
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it  must  be  regarded  as  a  degenerative  sequel  of  Sjrpliilis  rather  tlian  as 
a  true  syphilitic  disease.  It  is  probably  the  influence  of  syphilis  that 
determines  the  greater  incidence  on  the  urban  than  on  the  ruml  popula- 
tion, and  the  preponderance  of  cases  in  middle  life.  Inherited  syphilis  is 
also  capable  of  causing  the  disease,  and  is  to  be  traced  (as  far  as  I  have 
seen)  in  all  cases  in  children.  After  the  acquired  disease  the  interval 
between  primary  syphilis  and  the  first  symptoms  of  tabes  varies  from 
one  to  twenty  years.  It  is,  however,  rarely  less  than  three  years,  and 
in  most  cases  it  is  between  six  and  twelve  years.  In  rare  cases  the 
first  symptoms  occur  during  the  active  stage  of  syphilis.* 

It  is  probable,  however,  that  syphilis  is  not  the  only  cause  of  the 
disease.  In  a  few  eases,  less  than  10  per  cent,  of  the  whole,  it  can  be 
excluded  with  confidence.  The  causes  operative  in  these  can  be 
traced  also  in  some  of  the  patients  who  present  a  history  of  syphilis, 
and  in  such  cases  the  causation  of  the  malady  is  probably  complex. 
Hitzig  and  Buzzard  have  suggested  that  a  toxin  having  a  similar 
degenerative  action  may  arise  from  soft  sores. 

One  of  these  causes,  which  can  sometimes  be  clearly  traced,  it 
injuxj,  such  as  involves  concussion  of  the  spine.  The  immediate 
results  of  the  injury,  whether  slight  or  grave,  transient  or  lasting,  are 
followed  by  the  symptoms  of  the  degenerative  malady.  In  one  case  a 
man  fell  from  a  height  on  to  the  deck  of  a  ship ;  transient  paraplegia 
resulted,  but  six  weeks  after  the  accident  the  man  presented  extreme 
ataxy,  with  good  power,  and  no  knee-jerk  (Arnold).  I  have  known 
the  symptoms  to  develop  gradually  a  few  months  after  a  fall  from  a 
horse.  Exposure  to  cold  and  wet  has  occasionally  preceded  the  onse^ 
so  directly  that  it  must  be  regarded  as,  at  least,  an  exciting  cause. 
There  is  a  history  of  syphilis  in  the  majority  of  cases  in  which  the 
manifestation  of  tabes  follows  some  immediate  cause.    In  other  casf^s 

•  Altboogb  an  oeeaiionml  relation  to  lyphilbhad  been  noted  byeeTeral  preceding 
obeerrere,  Fonrnier  was  tbe  iint  (in  1876)  to  aeaert  the  wide  extent  of  this  relation. 
Hb  Btatementewerereceired  with  donbt  (because  sypbilitio  patiente  constituted  bis 
field  for  obserTfttion),  but  they  were  oonflrmed  from  the  neorological  side  by  myself 
C  British  Med.  Journal,'  March  1, 1879)  and  Erb  ('  Arch,  f .  klin.  Med.,'  July,  1879)  | 
while  abundant  corroboration  has  been  since  afforded.  Mauy  who  at  first  doubted 
hate  been  oonrinced  by  fresh  obserrationt.  Facts  collected  without  reference  to 
any  point  at  issue  are  generally  worthless,  and  freshly  collected  facts  hsTO  thrown 
a  new  light  on  the  sulgect.  The  proportion  of  cases  with  prerions  syphilb  neeet- 
sarily  Tarias  aoeording  to  the  absolute  frequency  of  syphiUs.  The  differenoe  in  the 
character  of  the  lesion  from  thnt  of  chaiif^es  known  to  be  syphilitic  was  urged  as  an 
objecttou,  but  such  considerations  are  theoretical,  and  must  yield  to  facts ;  instead 
of  denying  that  this  or  that  legion  ean  be  produced  by  a  giTen  cause,  we  may  hare 
to  widen  our  riew  of  the  operation  of  that  cause.  Other  degenerations  of  the 
nervous  system  seem  also  to  haTe  a  relation  to  syphilis,  as  I  pointed  out  some  yean 
ago  ('Lanoetk'  Jan.  16^  1881).  Ai  will  be  shown  In  the  section  on  Pathology, 
xeoent  discoveries  lessen  very  muoh  the  difficulty  of  comprehending  the  relation- 
sMp  by  demonstrating  the  profound  influence  on  the  nenrous  system  of  chemical 
todna  generated  by  the  organisms  which  we  have  learned  to  disoom  as  rl^ 
wmtmiBt  morU  of  specific  diseassa. 
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the  disease  has  snooeeded  exoessire  fatigue  and  oyer-ezertioii,  and  also 
certain  acute  diseases,  especially  (it  is  said)  acute  rheumatism  and 
typhoid  f erer ;  it  perhaps  follows  diphtheria  in  rare  cases,  but  most 
cases  have  been  examples  of  the  ataxic  form  of  diphtheritic  paralysis, 
ultimately  passing  away.  Alcoholic  excess  has  been  noted  in  some 
instances,  but  most  recorded  instances  have  been  due  to  peripheral 
neuritis,  iuTolTing  chiefly  the  afferent  muscle-nerres.  Sexual  excess 
has  been  supposed  by  some  to  be  a  cause ;  but  its  influence  can  rarely 
be  detected,  and  its  significance  is  uncertain,  since  sexual  excitement  is 
undoubtedly  sometimes  an  early  symptom  of  the  disease. 

Secondary  Tdbea. — Symptoms  of  locomotor  ataxy  sometimes  succeed 
other  diseases  of  the  spinal  cord,  and  such  sequence  is  especially 
common  in  syphilitic  subjects.  Myelitis  and  syphilitic  gummata 
may  be  thus  succeeded  by  tabes.  An  officer  in  India,  who  had  had 
syphilis,  haying  suffered  for  a  day  or  two  from  pains  in  the  back,  took 
a  bath  in  snow  water,  and  in  a  few  days  his  legs  were  absolutely 
powerless.  He  gradually  recovered  power,  but  could  not  co-ordinate 
the  movement:  as  power  returned,  lightning  pains  came  on,  and  a 
year  afterwards  he  presented  the  typical  condition  of  locomotor  ataxy. 
Again,  a  man,  twelye  years  after  syphilis,  had  a  severe  fall,  followed 
by  gradual  loss  of  power,  so  that  at  the  end  of  three  weeks  he  could 
scarcely  stand.  The  legs  remained  weak  for  a  month,  and  then  im- 
proved, but  ataxy  came  on ;  three  months  later,  power  was  good,  inco- 
ordination extreme.  In  many  cases,  however,  the  ultimate  condition 
is  one  of  combined  weakness  and  ataxy. 

Symptohs. — A  typical  case  of  developed  tabes  presents  oertain 
motor,  sensory,  and  reflex  symptoms.  There  is  inco-ordination  of 
movement  of  the  legs,  sometimes  of  the  arms  also,  without  loss  of 
power  or  muscular  wasting,  lliere  are  pains  in  the  affected  parts, 
especially  sharp  momentaiy  "  lightning"  pains ;  there  is  some  loss  of 
sensation ;  there  is  often  loss  or  diminution  of  reflex  action  from  the 
skin,  and  almost  always  entire  loss  of  the  myotatic  irritability  that  is 
revealed  by  the  so-called  **  tendon-reflexes,"  and  especially  by  the  knee- 
jerk;  there  may  be  retention  or  incontinence  of  urine,  constipation, 
and  often  loss  of  sexual  power.  Of  this  group  of  symptoms,  two 
usually  precede  the  others — ^the  pains,  and  the  loss  of  the  knee-jerk 
Those  may  exist  alone,  even  for  years,  before  inco-ordination  comes  on. 
Thus  the  symptoms  are  far  wider  in  range  than  the  name  "ataxy** 
suggests ;  and  while  inco-ordination,  if  it  exists,  is  the  most  obtrusive 
objective  symptom,  it  may  never  be  developed.  Hence  physicians 
have  extensively  fallen  back  on  the  older  term  "  tabes  dorsalis."  But 
recent  expansion  of  our  knowledge,  especially  the  discovery  of  the 
extent  to  which  the  symptoms  may  depend  on  disease  of  the  peri- 
pheral nerves,  shows  that  even  the  qualifying  *'  dorsalis  "  narrows  the 
term  unduly,  and  "  peripheral  neuro-tabes "  luw  been  added  to  the 
terminology  of  the  disease. 

Besides  the  symptoms  above  enumerated,  others  are  oocasionallj 
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prasent.  Of  these  the  most  important  are  atrophy  of  the  optic  nerve 
(and  occauonallj  of  other  cranial  nerves) ;  trophic  changes  in  the  skin, 
the  bones,  and  the  joints ;  peculiar  paroxysmal  Tisceral  disturbances 
and  occasionallj  motor  paralyses  and  muscular  wasting.  The  com- 
binations of  symptoms  present  in  different  cases  vary  much.  It  will 
be  eonyenient  to  consider  first  the  individual  symptoms  in  their 
Tarions  degrees,  and  then  their  grouping  and  sequence. 

Motor  SymptomM.'^ThB  characteristic  inco-ordination  of  movement 
develops  gradually.  It  is  usually  increased  (as  Eomberg  pointed  out) 
by  closure  of  the  eyes,  and  at  fbrst  may  only  exist  when  the  guiding 
influence  of  vision  is  thus  withdrawn.  Before  it  causes  ataxy  of 
movement  it  may  render  difB^cult  the  maintenance  of  equilibrium  when 
the  base  of  support  is  narrowed  by  the  feet  being  placed  dose  together, 
toes  and  heels ;  if  then  the  eyes  are  closed  the  patient  sways,  and 
tends  to  f alL  The  effect  of  closure  of  the  eyes  is  greatest  when 
sensation  in  the  soles  of  the  feet  is  defective,  but  does  not  depend  on 
this  defect ;  it  may  be  marked  when  sensation  on  the  soles  of  the  feet 
is  perfect.  The  early  defect  in  co-ordination  may  be  discovered  by 
the  patient  when  he  walks  in  the  dark  or  backwards,  or,  not  nn- 
oommonly,  when  he  shuts  his  eyes  in  the  process  of  washing  the  face. 
In  a  further  d^ree  of  inco-ordination  there  is  inability  to  stand  with 
the  feet  together,  eren  when  the  eyes  are  open,  and  the  patient  is  only 
steady  when  the  feet  are  wide  apart  If  the  feet  are  bare,  the  diffi- 
culty is  greater,  because  muscular  action  has  to  replace  the  rigid  base 
of  the  boot.  The  irregular  contraction  of  the  muscles  is  shown  by  the 
conspicaonB  movement  of  the  tendons  on  the  back  of  the  feet.  The 
patient  may  oscillate  from  toes  to  heels  before  he  comes  to  rest.  Ajb 
the  defect  progresses,  uncertainty  is  felt  in  walking  even  with  full 
Tisnal  guidance,  especially  on  uneyen  ground,  or  on  a  veiy  smooth 
SQifiace.  A  slight  visible  alteration  in  gadt  is  then  appreciable,  the 
feet  are  not  placed  on  the  ground  quite  as  in  health,  or  there  is  distinct 
difficulty  in  maintaining  equilibrium  when  the  patient  turns  quickly, 
and  he  has  to  put  a  foot  down  suddenly  to  keep  from  failing.  As  the 
inco-ordination  increases,  the  change  in  gait  becomes  greater,  but 
varies  mudh  in  its  precise  characters,  according  to  the  muscles  that 
are  most  affected.  Often  the  feet  are  raised  too  high,  thrown  for- 
wards too  far,  brought  down  too  suddenly,  and  the  whole  sole  comes 
in  contact  with  the  ground  at  once.  Often  the  foot  becomes  invei-ted 
when  it  touches  the  gronnd.  Efforts  to  correct  error  in  movement 
have  themselves  to  be  corrected.  In  other  cases  the  defect  in  main- 
taining equilibrium  is  greater  than  the  actual  disorder  of  movement  of 
the  legs,  and  the  patient  sways  about  in  the  manner  of  one  who  has 
cerebellar  disease ;  this  probably  depends  on  a  preponderant  affection 
of  the  muscles  of  the  hip-joint. 

As  the  defect  progresses,  the  patient  is  only  able  to  walk  by  steady- 
ing himself  with  a  stick,  or  by  taking  hold  of  the  arm  of  another  person 
or  of  adjacent  objects.    At  first  a  yery  slight  degree  of  this  help  is 
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fiufficicnt;  guidance  rather  than  support  is  needed.  Afterwards, 
however,  considerable  support  is  neoessaiy,  and  ultimately  the  patient 
may  be  unable  to  stand  even  with  help.  When  he  attempts  to  rise, 
the  legs  move  hurriedly  forwards  and  backwards,  and  if  the  upright 
posture  is  at  last  achieved,  the  legs  slip  forward,  and  onlj  strong 
support  saves  the  patient  from  a  fall.  The  ataxy  is  manifest  also  in 
other  movements  of  the  legs.  If  the  patient,  when  lying,  tries  to 
touch  ah  object  with  his  foot,  the  leg  is  moved  irregularly,  goes  beyond 
the  place,  and  then  is  brought  too  far  back,  and  only  at  last  does  it 
<;ome  in  contact  with  the  object,  often  with  unintended  force.  This 
inco-ordination,  like  that  in  standing,  is  much  greater  if  the  eyes  are 
•closed. 

The  arms  may  present  similar  inco-ordination,  although  they  often 
escape,  even  when  the  affection  of  the  legs  is  extreme ;  very  rarely  the 
Arms  suffer  before  the  legs  (brachial  tabes).  In  one  such  case  there 
was  loss  of  sensation  to  touch,  not  only  in  the  arms,  but  on  the  trunk 
between  the  epigastric  level  and  the  distribution  of  the  cervical  plexus. 
^he  commencing  defect  is  revealed  by  delicate  movementa,  such  as 
writing.  When  slight,  it  may  be  conspicuous  if  the  patient  tries,  with 
<5losed  eyes,  to  touch  some  object,  such  as  his  own  nose,  or,  having 
abducted  his  arms,  tries  to  bring  the  forefingers  together.  As  it 
increases,  all  movements  become  irregular ;  it  is  impossible  for  the 
patient  to  button  his  coat,  or  to  pick  up  a  small  object  from  the  table ; 
the  fingers  twist  about  in  the  attempt.  The  grasp  is  not  sustained ; 
first  one  finger  is  felt  to  relax  and  then  another.  If  the  patient 
attempts  to  hold  out  his  hand  in  a  fixed  posture,  it  is  seen  that  the 
same  irregularity  obtains ;  instead  of  a  uniform  balanced  contraction 
the  muscles  contract  and  relax  involuntarily,  and  slow  unintended 
movements  of  the  fingers  result,  sometimes  closely  resembling  those  of 
athetosis.  The  same  spontaneous  movements  may  also  be  observed  in 
the  legs.  They  cease  at  once  when  the  muscular  eSort  is  relinquished. 
Occasionally  the  muscles  of  the  trunk  present  inco-ordination.  ThuB 
one  patient  could  sit  steadily  on  a  chair  when  his  eyes  were  open,  but 
if  he  closed  them  would  at  once  fall  off.  The  movements  of  the  head, 
face,  tongue,  and  eyes  escape  the  characteristic  derangement. 

Even  with  extreme  inco-ordination,  the  power  of  the  muscles  may  be 
unimpaired.  Occasionally  some  group  of  muscles,  as  the  flexors  of  the 
ankle,  become  weak  for  a  little  time  and  then  strong  again,  just  as  may 
the  eyeball  muscles,  as  we  shall  presently  see.  In  some  cases  motor 
power  in  the  limbs  remains  unimpaired  to  the  end ;  more  often,  when 
the  ataxy  has  become  great,  some  muscular  weakness  supervenes,  with 
or  without  wasting  of  the  weak  muscles  There  is  a  distinct  group  of 
cases  in  which  weakness  and  ataxy  come  on  together,  but  these  are 
considered  separately  ("Ataxic  Paraplegia"). 

Sensory  symptoms  are  prominent  in  most  cases, — subjectiye  sensa- 
tions, especially  of  pain,  and  loss  of  sensibility.  Spontaneous  pains 
are  present  in  some  degree  in  nine  tenths  of  the  cases  of  tabes.     The 
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most  frequent  and  characteristic  are  the  sudden  and  lancinating  pains 
called  **  lightning  pains."  Thej  occur  chiefly  in  the  legs,  but  may  be  felt 
in  the  trunk,  arms/  and  even  in  the  head  and  face.  They  are  usually 
paroxysmal*  and  apt  to  come  on  at  night ;  attacks  of  such  pains  last 
for  some  hours  or  for  a  day  or  two,  varying  in  seat,  but  often  felt  in 
the  same  part  throughout  an  attack,  or  through  many  attacks. 
Sometimes  they  are  felt  in  a  limited  area  of  the  skin ;  at  others  they 
seem  more  deeply  seated;  sometimes  they  dart  down  the  limb.  They 
may  correspond  to  a  nerre-trunk  (especially  the  sciatic),  but  more 
frequently  hare  no  relation  to  the  nerres.  They  may  be  felt  near 
joints,  but  are  seldom  referred  to  them.  Although  the  pains  are 
usually  acute  and  "  stabbing,"  they  are  sometimes  of  different  cha- 
racter. They  may  be  compared  to  bad  toothache,  even  when  lasting 
only  a  second  or  two.  In  one  patient  the  sensation  was  as  if  both 
1^  were  for  a  moment  on  fire.  The  pains  in  the  trunk  sometimes 
ooirespond  in  seat  to  a  zone  of  hyperaesthesia,  espedaJly  when  there  is 
a  marked  "  girdle  pain."  When  the  pains  are  referred  to  the  skin, 
this  often  becomes  tender  after  the  pains  have  been  felt  for  a  time;  the 
contact  of  the  bedclothes  cannot  be  borne,  and  eyen  a  breath  of  air  can 
scarcely  be  endured.  Curiously,  this  may  be  the  case  when  there  is 
impaired  sensibility  to  pain,  but  not  to  touch.  When  the  pain  is  iu 
the  face  it  may  closely  simulate  trigeminal  ''tic;"  only  it  is  on  both 
sides,  and  such  symmetrical  facial  neuralgia  is  very  suggestiye  of  a 
tabetic  origin. 

When  pains  continue  at  one  spot  for  some  days,  vascular  or  trophic 
changes  may  occur  there, — ecchymoses  have  been  observed,  and  I  have 
known  the  growth  of  the  hair  to  be  changed  where  pains  had  been  felt 
in  the  scalp;  each  hair  bent  and  broke  off  near  the  skin,  over  an  area 
the  size  of  half  a  crown;  after  the  pains  ceased  the  growth  of  the 
hair  became  normal  A  sharp  pain  may  be  accompanied  by  a  sudden 
reflex  spasmodic  movement  of  the  legs,  or  by  inhibitory  weakness. 
Thu8»  in  one  case,  a  sudden  pain  would  often  make  the  patient  fall  on 
his  knees.    The  pains  may  be  so  severe  as  to  prevent  sleep. 

Other  kinds  of  severe  pain,  less  brief  than  iJie  lightning  pains,  occur 
in  some  cases,  and  are  described  by  various  epithets,  as  "  burning," 
''tearing,"  "gnawing."  Burning  pain  in  the  toes  distressed  one 
patient.  Much  more  common,  and  occurring  with  other  pains,  are 
slighter  dull  pains  like  those  of  rheumatism,  for  which  they  are  often 
mistaken,  an  error  that  is  facilitated  by  the  circumstance  that  any  of 
the  pains  of  tabes  may  be  influenced  by  weather,  being  especially  in- 
creased by  damp  cold.  Indeed,  this  occurrence  on  any  sudden  change 
in  weather  is  often  a  marked  feature.  It  is  not  uncommon  for  a 
patient  to  describe  them  as  "  equivalent "  to  a  barometer.  They  may 
also  be  excited  by  indigestion.  Dull  pains  sometimes  precede  the 
sharp  pains,  occasionally  for  years.  A  painful  sense  of  constnction 
"  girdle-pain,"  is  also  common,  and  may  be  felt  around  the  trunk  or  in 
ihe  legs,  groins,  &o. ;  it  is  sometimes  referred  to  m  considerable  aiea^- 
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the  patient  maj  feel  as  if  the  whole  trunk  were  tightly  entdoped  in  t 
ooirasB  of  metal.  Darting  pains  also  may  be  felt  in  the  trunk  and  not 
in  the  1^8.  Such  a  sense  of  constriction  is  sometimes  referred  to  the 
legs,  especially  to  the  knees,  but  sometimes  to  the  feet.  One  patient 
described  this  sensation  as  if  an  iron  band  were  around  each  foot.  In 
the  arms  and  hands  the  pains  are  usually  slight  in  d^ree,  and  seldom 
oause  real  distress;  they  are  often  felt  chiefly  in  the  ulnar  r^on. 
Visceral  pains  may  also  occur,  usually  paroxysmal,  and  referred  to 
the  stomacb,  bladder,  rectum,  &g. 

Pains  are  not  only  the  most  common,  they  are  often  the  earliest 
indication  of  the  disease,  and  maj  be  the  only  subjective  symptoms 
in  slight  and  stationary  cases.  They  bear  no  proportion  to  the  other 
symptoms,  and  are  sometimes  trifling — occasionally  altogether  absent 
They  seem  sometimes  to  occur  alone;  I  haye  seen  several  patients 
who  suffered  lightning  pains,  characteristic  in  features,  course,  and 
general  associations,  both  with  and  without  the  pupil  symptoms 
common  in  tabes,  but  with  no  loss  of  the  knee-jerk.  The  pains 
are  then  usually  superficial,  and  the  cases  may  be  termed  ''cuta^ 
neous  neuro-tabes.'*  Ataxy  may  supervene,  with  loss  of  the  knee- 
jerk. 

Sensations  other  than  pain  are  also  common.  They  are  Tarious  in 
character,  described  as  "tingling,"  ''pins  and  needles,"  ''creeping,** 
and  very  often  as  if  the  skin,  especially  of  the  soles,  were  covered  by 
some  soft  substance.  Sensations  of  cold  or  of  heat  are  also  common; 
the  feet  may  feel  as  if  the  legs  are  always  in  cold  water ;  a  sensation 
of  cold  about  the  testicles  is  occasionally  complained  of.  Similar 
cutaneous  sensations  are  also  common  in  the  hands.  They  are  espe* 
cially  common  in  the  distribution  of  the  ulnar  nerve.  Here  also 
there  may  be  impaired  sensibility,  especially  for  pain  and  temperature^ 
when  the  sensory  condition  elsewhere  in  the  arm  is  normaL  The 
ulnar  nerve  bas  also  been  found  insensitive  to  pressure  (Biemacki). 
Increased  sensitiveness  to  pain  may  also  exist,  especially  on  the  soke 
of  the  feet,  and  often  accompanies  lessened  sensibility  to  touch. 

A  diminution  of  sensibility  is  also  present  in  most  cases  of  the 
developed  disease.  It  may  involve  all  forms  of  sensibility,  but  fldd<»a 
equally;  some  forms  may  be  impaired  and  others  normal.  Either 
pain  or  touch  may  be  affected  alone ;  the  most  frequent  change  is  loss 
of  sensitiveness  to  pain.  Delay  of  the  perception  of  painful  stimuli  is 
a  common  early  symptom,  as  will  presently  be  described.  A  firm 
touch  (i.  e.  slight  pressure)  may  be  felt  when  a  slight  touch  is  unpsr- 
oeived.  When  a  touch  is  felt,  the  power  of  localising  it  may  be  im« 
paired.  Temperature  sensations  are  rardy  affected  without  other 
forms  of  sensibility,  but  they  are  often  impaired  with  that  of  pain 
when  tactile  sensibility  is  normaL  On  the  other  hand,  there  may 
be  extensive  loss  to  pain  without  any  defect  of  the  temperature  sensoi 
A  prick  may  then  cause  only  m  sensation  of  heat  or  burning,  and 
extreme  de(n«es  of  heat  or  cold  oause  pain  less  readily  than  normaL 
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The  temperature  loss  may  be  partial,— -either  cold  or  heat  may  be 
uoperoeiyed  while  the  other  is  recognised.  When  touch  is  slightly 
impaired,  there  may  be  an  inability  to  discriminate  differences  in 
the  degree  of  pressure  on  the  skin. 

Accompanying  the  diminution  or  increase  of  sensitiveness  there  are 
sometimes  curious  changes  in  the  sensation  produced.  One  of  these 
is  a  delay  in  the  perception  of  pain,  which  may  amount  to  several 
seconds.  The  greatest  delay  I  have  met  with  amounted  to  seven 
seconds,  but  one  of  fifteen  seconds  has  been  described  (Eulenberg). 
The  contact  of  a  point  may  be  felt  at  once,  the  pain  only  after  a 
considerable  interval.  When  felt  it  may  be  excessive  in  degree. 
Often  there  is  an  after-pain,,  lasting  sometimes  for  a  quarter  or  half  a 
minute  or  longer,  and  the  maximum  sensation  may  not  be  attained 
until  several  seconds  after  the  pain  is  first  felt.  Thus,  in  a  case  in 
which  there  was  a  delay  of  seven  seconds,  the  maximum  sensation  was 
only  felt  twenty-five  seconds  after  the  prick  (Obersteiner).  Often 
there  is  a  second  or  third  maximum,  a  sort  of  rhythmical  recurrence 
of  sensation,  quick  or  deliberate.  A  delay  greater  than  normal  may 
also  attend  the  sensation  of  heat,  but  this  is  less  easy  to  recognise  on 
account  of  the  time  normally  required  to  raise  the  temperature  of  the 
skin.  The  localising  power  is  sometimes  strangely  perverted.  A 
touch  on  the  toe  may  be  referred  to  the  back  of  the  foot  even  when 
there  is  no  ataxy.  A  touch  or  prick  on  one  leg  may  be  referred  to  the 
other,  sometimes  with  singular  uniformity  in  position  ("  allocheiria,'* 
p.  14).  A  prick  in  one  spot  may  be  felt  in  many  places  ("  polyees- 
thesia")  on  the  same,  or  on  both  legs.  There  may  also  be  impair- 
ment on  the  face  corresponding  roughly  to  divisions  of  the  fifth  nerve. 
Occasionally  a  patient  feels  as  if  the  face  were  covered  by  a  mask, 
stretching  and  compressing  the  skin,  a  symptom  named  by  Charcot 
**  Hutchinson's  mask."  The  reaction  of  the  sensory  nerves  to  elec- 
tricity may  be  changed  in  the  same  way  as  that  of  the  motor  nerves 
when  they  are  degenerated ;  instead  of  the  earliest  sensation,  on  closure 
of  the  circuity  occurring  at  the  kathode,  it  occurs  at  the  anode  (Men- 
delssohn). 

Impairment  of  sensation  is  a  very  variable  symptom.  It  may  be 
absent  even  when  the  spontaneous  pains  are  severe.  It  is  most  fre- 
quent, and  usually  greatest,  in  the  lower  part  of  the  legs  and  feet. 
It  may  even  be  limited  to  the  soles,  and  usually  then  ceases  at  the 
outer  shazp  edge  of  the  foot,  but  extends  for  an  inch  or  so  up  the 
inner  side.  Touch  or  pain  may  be  lost  on  the  sole  only,  and  even, 
strange  to  say,  the  form  of  sensibility  that  is  lost  on  the  sole  may 
alone  persist  in  the  legs.  Although  the  sole  is  usually  most  affected, 
sensation  may  be  perfect  on  the  sole  when  lost  elsewhere.  One  leg  is 
often  more  affected  than  the  other.  The  loss  may  extend  to  the  trunk, 
and  over  part  or  the  whole  of  it.  Defective  sensibility  to  touch  is 
sometimes  met  with  around  the  anus,  perineum,  scrotum,  <&c.,  and 
sexual  loss  is  said  to  be  usually  a.ssociated  with  loss  of  sensibility  in 
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the  glaas  penis.*  The  characteristic  pain  which  pressure  on  the  tes* 
tides  produces  is  frequently  absent.  In  the  upper  limbs  the  impair- 
ment of  sensation  is  usuallj  greatest  on  thehandsi;  it  often  commences 
on  the  palmar  aspect  of  the  fingers,  and  may  be  limited  to  this 
aspect  of  the  hands,  just  as  it  is  to  the  soles  of  the  feet.  Sensation 
luaj  be  lost  on  the  trunk  and  not  on  the  limbs — an  important  fact» 
because  the  anaesthesia  may  then  readily  be  OTerlooked.  The  impair- 
ment on  the  trunk  frequently  ceases  when  the  level  of  the  third  rib  is 
reached.  On  the  head,  loss  of  sensation  is  rare  and  usually  partiaL 
But  almost  universal  defect  of  sensitiyeness  to  pain  over  the  whole  head 
is  sometimes  met  with. 

The  loss  of  sensibilily  is  not  confined  to  the  skin,  but  aCEects  the 
deeper  tissues  also  in  many  cases.  The  contraction  of  the  muscles 
on  electrical  stimulation  may  be  unfelt,  and  the  muscles  may  be  less 
sensitire  than  normal  to  pressure  or  forcible  extension.  It  is  only 
from  intelligent  patients  that  this  can  be  distinctly  ascertained;  but 
some  degree  of  defect  is  probably  an  early  change.  In  a  case  in  which 
the  inco- ordination  was  much  greater  iii  one  leg  than  the  other,  in  the 
more  ataxic  leg  the  muscles  were  insensitive  to  traction,  which  excited 
a  definite  sensation  on  the  other  side.  The  muscles  may  indeed  be 
quite  insensitive  when  cutaneous  sensibility  is  little  or  not  at  all 
impaired.  It  is  probable  that  the  sensibility  of  the  joints,  fibrous 
tissues,  and  tendons  is  also  involved.  The  sense  of  posture  may  be  lost 
when  cutaneous  sensibility  is  intact.  The  ansBsthesia  may  extend  to  the 
viscera  when  the  trunk  is  involved.  In  consequence  of  the  loss  of 
sensation,  grave  injuries  to  the  limbs,  such  as  bums,  may  be  unper- 
ceived,  and  visceral  disease  may  be  unattended  with  the  customary 
pain.    Pleurisy,  for  instance,  may  be  absolutely  painless. 

But  impairment  of  sensation  is  not  invariable.  There  may  be  no 
loss  even  in  patients  who  present  considerable  inco-ordination,  and  in 
those  who  suffer  severe  pains,  as  well  as  in  those  who  have  had  none. 
But  it  is  very  rare  to  have  no  sensory  defect  when  inco-ordination  is 
considerable. 

Reflex  action  from  the  skin  is  usually  impaired  in  proportion  to  the 
loss  of  cutaneous  sensibility,  and  especially  to  the  loss  of  tactile  sensi- 
bility.  It  may  be  normal  when  pain  is  imfelt.  The  plantar  reflex 
is  most  frequently  impaired,  and  the  progress  upwards  of  the  disease 
may  be  attended  by  a  progressive  loss  of  the  gluteal,  cremasteric,  and 
abdominal  reflexes.  On  account  of  the  variations  met  with  in  health, 
it  is  uncertain  whether  reflex  action  is  ever  lessened  when  there  is  no 
impairment  of  sensation.  On  the  other  hand,  in  the  early  stage  of 
the  disease  there  is  sometimes  a  considerable  and  even  extreme  excess 
of  all  cutaneous  reflex  action. 

Loss  of  sexual  power  is  an  exceedingly  common  and  often  an  early 
symptom  of  the  disease,  and  may  precede  any  impairment  of  sensoiy 
or  reflex  functions.     As  has  already  been  stated,  the  loss  is  said  as 
•  Brown, 'Lancet,' 1898. 
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a  role  to  be  accompanied  by  loss  of  sensation  in  the  glans  penis.  Yet 
in  such  caaeB  nocturnal  emissions  maj  occur,  sometimes  veiy  frequently. 
On  the  other  hand,  exceptions  are  met  with  in  which  sexual  power 
persists  to  a  late  period  of  the  disease,  even  until  after  the  patient  has 
lost  the  ability  to  walk  alone. 

If  the  condition  of  cutaneous  reflex  action  is  somewhat  inconstant, 
this  is  not  the  case  with  the  reflex  process  on  which  the  myotatic 
irritability  depends.  A  loss  of  the  knee-jerk,  as  Westphal  first 
pointed  out,  is  one  of  the  earliest  and  most  constant  symptoms  of  tabes. 
With  it  disappear  also  all  other  indications  of  this  irritability.  In 
cases  with  great  excess  of  cutaneous  reflex  action  the  knee-jerk  is  lost 
as  in  other  cases,  and  the  contrast  between  the  two  forms  of  reflex 
action  is  very  striking.  It  is  exceedingly  rare  for  the  knee-jerk  to  be. 
obtained  in  any  case  of  true  tabes,  but  an  early  case  is  sometimes  met 
with  in  which  it  is  not  lost,  although  diminished,  and  commonly 
unequal  on  the  two  sides.  In  one  or  two  cases  I  have  found  it  slight 
on  one  side  and  lost  on  the  other  when  distinct  ataxy  was  present,  and 
haye  observed  its  subsequent  disappearance.*  In  one  caF(s  in  which 
the  jerk  was  lost  in  one  leg  only,  lightning  pains  were  confined  to  this 
leg.'  Very  rarely  the  knee-jerk  persists  and  is  equal,  although  there 
are  characteristic  pains,  loss  of  the  iris  reflex,  and  a  history  of  syphilis. 
The  loss  often  precedes  for  many  years  the  development  of  inco- 
ordination. It  is  important  to  remember  that  a  true  reflex  action  may 
simulate  the  knee-jerk  when  it  is  lost.  It  is  distinguished  by  the  con- 
spicuous interval  between  the  blow  and  the  movement,  by  the  wide 
range  of  this,  and  by  the  fact  that  a  similar  effect  can  be  produced  by 
a  prick  on  the  skin  over  the  patellar  tendon. 

Eye  Symptoms. — ^The  functions  of  the  internal  muscles  of  the  eye  are 
often  affected  in  tabes.  In  more  than  five  sixths  of  the  cases  f  the 
reflex  action  of  the  iris  to  light  is  lost ;  rarely  the  action  remains  perfect 
throughout.  In  most  cases  of  reflex  loss  the  contraction  m  iircommo- 
dation  is  preserved,  as  first  noted  by  Argyll  Kobertson.  Often  also  (as 
Erb  has  shown)  the  dilatation  that  occurs  on  painful  stmiulalion  of 
the  skin  of  the  neck,  <&c.,  can  no  longer  be  produced.  Sometimes  the 
dliaiy  muscle  is  also  paralysed,  causing  loss  of  accommodation.  Very 
rarely  there  is  loss  of  accommodation  and  of  the  associated  contraction 
of  the  iris,  without  loss  of  the  light-reflex.  When  reflex  contraction  is 
not  lost  it  may  not  be  maintained ;  the  pupil  again  enlarges ;  an 
actual  inverted  reaction  to  light  and  darkness  has  been  observed. J 
The  pupils  are  often  very  small  ("  spinal  myosis  "),  especially  when 
there  is  loss  of  the  reflex  dilatation  from  the  skin,  a  loss  which  seems 
to  be  accompanied  by  atony  of  the  radiating  fibres  supplied  by  the 
sympathetic    The  pupils  are  not  always  small;   they  may  be  of  a 

*  Iti  return  on  the  paralysed  side  in  a  tabetic  putient  who.b(*('anie  hemiplegic, 
has  been  recorded  (Hughlings  Jackson  and  James  Taylor,  'BriU  Med.  Journ./ 
vol.  1. 1894). 

t  Berfrer  says  07  per  cent. 

{  L'Abundo, «  La  Psyciiiatria,'  1889,  vii,  p.  286. 
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medium  size  or  still  larger,  and  then  I  haTe  nsuallj  fonnd  thai  Um 
skin -reflex  can  be  obtained,  although  the  light-reflex  oannot.  Thej 
are  often  not  perfectly  circular,  and  are  frequently  imequaL  Both  eyes 
are  usually  affected  in  the  same  manner ;  occasionally  the  reflex  action 
is  lost  in  one  and  only  lessened  in  the  other ;  this  is  true  also  of 
accommodation ;  indeed,  almost  every  possible  condition  is  oocaaionally 
met  wita.  On  the  other  hand,  the  intra-ooular  muscles  may  be 
unafPeoted  even  in  advanced  cases.  Accoixiing  to  Berger  the  oeolar 
to"     »n  13  often  lessened. 

Paralysis  of  the  external  ocular  muscles  is  also  common  in  tabes, 
and  occurs  in  several  forms.     (1)  Transient  weakness  lasting  a  few 


Fia.  119.— Unilateral  tabetic  pto«ig. 


Fie.  120.— Doable  tabetle  ptosis.* 


days  or  weeks,  and  then  passing  away.  (2)  Permanent  paralysisy 
complete  or  incomplete,  of  a  single  nerve  or  part  of  a  nerve.  Either 
form  may  occur  at  any  stage,  but  the  first  is  most  common  in  the 
early,  and  the  second  in  the  lat^r  stages  of  the  disease.  The  transient 
palsy  renders  diplopia  a  common  symptom  in  the  early  period ;  any 
luuscle  may  be  affected,  but  the  external  rectus  is  that  which  most 
frequ<^ntly  suffers.  Transient  ptosis  may  precede  an  almost  complete 
external  ophthaImopIe<,da.  The  persistent  palsy  may  affect  one  or  more 
muscles;  often  the  levator  is  involved,  causing  what  has  been  termed 
"  tabetic  ptosis  "  (Figs.  119  and  120) .  Sometimes  the  whole  third  nerve 
is  paralysed.  (3)  There  may  be  a  combined  palsy,  suggesting  a  central 

*  Ftom  a  SalpStrUre  photograph,  for  whieh  I  Em  indebted  to  M.  Charcot 


LOOOMOTOB  ATAXY.  457 

origin — as,  for  instance,  loss  of  the  moTement  of  convergence  asao* 
ciated  with  loss  of  accommodation,  althongh  the  internal  recti  act  in 
tlie  movement  towards  one  side.  (4)  Many  or  aU  the  mnscles  of  both 
ejes  may  graduallj  become  paralysed — "  progressive  ophthalmoplegia/' 
internal  or  external,  a  condition  that  is  more  fallj  described  in  the 
account  of  ocular  palsies  in  Yol.  11. 

Atrophy  of  the  optic  nerve  is  the  most  serious  ocular  complication 
of  tabes.  Its  frequency  is  difficult  to  ascertain,  but  is  certainly  less 
than  is  often  supposed;  it  does  not  occur  ui  more  than  one  case  in 
ten.  Atrophy  is  generally  an  early  symptom,  usually  commencing 
before  inoo-ordination  is  developed,  and  in  a  large  number  of  cases  ataxy 
does  not  supervene ;  if  it  does,  the  arms  are  frequently  affected  before 
the  l^s.  There  se^ns  a  tendency  for  the  spinal  malady  to  become 
stationary  when  the  optic  nerve  suffers.  The  disc  becomes  pale,  and 
its  substance  shrinks,  so  that  recession  begins  at  its  edge  instead  of  at 
the  central  "  cup,"  as  may  readily  be  perceived  by  the  course  of  the 
vessels.  The  failure  of  sight  usually  commences  with  a  peripheral 
limitation  of  the  field  and  loss  of  colour  vision,  but  sometimes  central 
acuity  fails  early.  When  this  remains  good,  the  peripheral  loss  may 
reach  a  considerable  degree  before  it  is  suspected  by  the  patient. 
Barely  there  is  a  symmetrical  sectorial  defect  in  the  fields.  The 
visible  pallor  of  the  optic  disc  is  not  always  proportioned  to  the 
failure  of  sight ;  the  change  in  tint  depends  on  wasting  of  the  capil« 
laries,  and  this  does  not  always  correspond  to  the  wasting  of  the  nerve- 
fibres.  The  ultimate  tint  is  grey,  or  a  whitish  grey,  especially  as  seen 
by  the  direct  method.  When  the  disc  was  very  vascular  before  the 
atrophy,  the  grey  tint  is  generally  deepest.  The  vessels  are  but  little 
narrowed.  Occasionally  there  are  slight  signs  of  congestion  in  the 
early  stage,  and  then  some  tissue  of  gelatinous  aspect  may  develop  in 
the  disc,  and  the  vessels  may  appear  somewhat  compressed.* 

The  course  of  the  atrophy  is  usually  slowly  progressive,  and  in  most 
cases  it  ends  in  total  or  almost  total  blindness.  It  may,  however, 
cease  to  progress,  and  even  undergo  slight  improvement.  The  onset 
is  not  always  gradual;  sometimes  sight  fails  considerably  in  the 
coxu-se  of  a  few  days,  without  ophthalmoscopic  changes  to  account  for 
it.  I  have  met  with  one  such  case  in  which  double  temporal  hemianopia 
indicated  disease  at  the  optic  chiasma.  In  such  cases  the  secondary 
interstitial  process  probably  assumes  inflammatory  intensity  (see 
p.  443).  The  atrophy  is  often  more  advanced  in  one  eye  than  in  the 
other,  and  very  rarely  one  eye  only  sudBfers.  Flashes  of  light  are 
occasionally  experienced  in  the  course  of  the  atrophy,  comparable  to 
the  lightning  pains  in  the  limbs,  but  they  are  not  common. 

Deafness,  having  the  characters  of  nerve-deafness,  is  met  with  in 

9ome  cases,  sudden  or  gradual  in  onset,  transient  or  lasting.     The 

persistent  deafness  has  been  attributed  to  an  atrophy  of  the  auditory 

iierve»  analogous  to  that  of  the  optic  nerve,  but  certainly  in  many 

*  Further  details  will  be  found  in  '  Medical  OphthalinMCopy/ 
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cases  without  sufficient  reason.*  Onlj  when  there  is  a  progressiTe 
limitation  of  the  range  of  hearing,  analogous  to  the  peripheral 
limitation  of  the  field  of  yision,  are  we  justified  in  assuming  nerre 
atrophy.  I  have  seen  two  cases  of  this  kind.  In  each  there  wm 
also  optic  nerve  atrophy,  and  the  other  symptoms  of  tabes  were 
distinct.t  Attacks  of  yertigo  are  frequent  in  the  cases  attended  by 
deafness,  and  seem  to  depend  on  the  disturbance  of  the  labyrinth  or 
auditory  nerve,  and  to  be  thus  connected  only  indirectly  with  the 
prunary  disease.  But  chronic  slight  vertigo  from  this  cause  increases 
very  much  the  tabetic  unsteadiness.  Anosmia  occasionally  oocnis,  and 
is  probably  not  infrequent.  It  is  apparently  due  to  an  atrophy  of  the 
olfactory  nerve  similar  to  that  of  the  optic. 

The  functions  of  the  other  cranial  nerves  are  not  often  affected. 
Pains  may  be  felt  in  the  region  of  the  fifth  nerve,  and  there  is  ooci^ 
sionally  loss  of  sensation  in  some  part  of  the  area  supplied  by  it,  on 
one  side  or  both.  Unilateral  atrophy  of  the  tongue  has  been  sometimes 
noted.  In  the  larynx,  besides  the  spasm  to  be  presently  described* 
paralysis  of  the  vocal  cords  is  met  with,  both  as  an  isolated  symptom 
and  also  after  attacks  of  spasm  have  occurred  for  a  long  time.  Both 
posterior  crico-arytaenoids  may  be  paralysed,  and  in  one  case  paralysis 
of  one  posticus  occurred  very  early  in  the  disease  (Eemak). 

Sphindera. — ^The  functions  of  the  bladder  are  frequently  deranged; 
there  may  be  either  sluggish  micturition  or  a  tendency  to  inoontinenoe^ 
and  very  often  the  bladder  is  not  perfectly  emptied.  These  symptoms 
frequently  occur  early  in  the  disease,  and  it  may  be  indeed  only  for 
them  that  the  patient  seeks  medical  advice.  The  retention  may 
become  absolute,  or  there  may  be  overflow  incontinence;  there  is 
rarely  paralytic  incontinence.  The  imperfect  contraction,  even  when 
slight,  mav  have  serious  effects.  The  residual  urine  tends  to  decom- 
pose, and  gradually  induces  over-distension ;  cystitis  is  apt  to  occur^ 
and  secondary  renal  disease  may  develop  insidiously,  and  is  a  not 
uncommon  cause  of  death  when  the  difficulty  in  micturition  has  been 
insignificant.  Slight  intermittent  febrile  disturbance  is  a  frequent 
consequence  of  this  bladder  incompetence ;  it  may  cease  entirely  if  the 
catheter  is  regularly  used.  The  sphincter  ani  is  often  also  weak,  so 
that  a  loose  stool  can  be  retained  with  difficulty;  but  its  paralysis 
rarely  reaches  a  high  degree.     Constipation  is  extremely  common. 

*  It  is  very  difficult  to  diitinf^uiih  an  affection  of  the  nerve  from  one  of  the 
labyrinth  independent  of  the  nerve.  Even  in  a  ease  of  bilateral  deafness  coming 
on  in  Ihe  course  of  taboH,  in  which  the  patient  could  hear  onlj  a  load  votee,  and 
deep  notes  better  than  high  ones,  in  which  atrophy  bad  been  diagnosed,  Lncae  foaltd 
calcareous  masses  in  each  of  the  labyrinths,  and  the  anditory  nertai  were  qnite 
normal. 

t  In  one,  only  notes  between  K^  and  D  could  be  heard.  In  the  other  the  patient, 
when  first  examined,  was  absolutely  deaf  to  notes  above  E*  and  below  G|.  A  few 
months  later  the  re-triction  had  confined  the  range  of  hearing  to  the  octave  in  the 
treble  clef  between  E*  and  E\  even  Eh^  being  inaudilile.  Thus  the  lotf  oecarred 
chiefly  from  below  upwards.     Ultimately  no  note  could  !)••  luiird. 
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Vasth-motor  and  trophic  dUturbanee$  constitute  an  important  group^ 
of  sjmptoms,  and  may  reach  a  considerable  degree  without  a  coinci- 
dent increase  in  the  other  symptoms.  Local  sweating  has  been  noted, 
confined,  for  instance,  to  the  palms  and  soles,  or  to  one  side  of  the 
head.  The  ecchjmoses  and  altered  growth  of  hair,  in  connection  with 
attacks  of  pain,  have  been  already  mentioned.  Pigment  may  disap- 
pear from  the  skin  and  hair  in  isolated  spots.  Herpes  of  the  skin  is 
not  uncommon,  and  usually  occurs  in  association  with  attacks  of  pain. 
A  peculiar  association  was  present  in  one  case;  attacks  of  limited 
scrotal  pain  were  accompanied  by  a  "  rash  "  on  the  foreskin.  The 
epidermis  of  the  sole  becomes  thickened ;  blisters  readily  form  beneath 
it»  and  may  lead  to  indolent  ulcers.    The  curious  afEection  known  as 


Fxo.  121.— Perfomting  ulcer  of  the  foot  In  tabes.     (From  s  SalpAtrttn 
photograph.) 

"  perforating  ulcer  of  the  foot "  has  been  found  to  be  almost  ocmfined 
to  cases  of  tabes.  Troublesome  ulceration  of  the  toes,  especiallj 
about  the  nails,  is  also  occasionally  met  with,  and  may  necessitate 
ft.Tnpiita.tiQn.  The  growth  of  the  nails  of  the  feet,  and  sometimes 
of  those  of  the  hands,  may  be  changed ;  they  may  be  thickened,  an4 
the  surface  furrowed  or  irregular.  The  nails  may  eyen  fall  off  and  bo 
slowly  renewed.  The  teeth  sometimes  decay  quickly,  and  may  drop 
out.  One  patient,  who  had  preyiously  lost  many  of  his  nails,  found 
that  all  the  teeth  of  the  upper  jaw  fell  out  in  the  course  of  three  days, 
without  any  pain  or  decay.  Wasting  of  the  muscles  occurs  only  as  a 
complication  in  the  later  stage  of  the  disease. 

Changes  in  the  nutrition  of  the  joints  and  bones  haye  attracted 
much  notice  since  attention  was  directed  to  them  by  the  careful 
investigations  of  Charcot,  whose  name  is  sometimes  connected  with  the 
condition.  They  are  not  yery  common,  but  are  sufficiently  frequent 
and  well  marked  to  place  their  relation  to  the  disease  beyond  doubt. 
The  bones  may  become  brittle,  and  may  break  readily,  in  so-called 
**  spontaneous  "  fractures.  The  process  of  union  is  attended  with  the 
formation  of  a  large  amount  of  caUus.  Sometimes  there  is  also  ossi- 
fication or  calcification  of  the  structures  adjacent  to  injured  bones, 
and  even  of  the  fibrous  tissues  independent  of  the  joints^  such  as  tha 
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intermiiscular  and  subcutaneous  tissues.  These  may  be  rapidly  in- 
flamed, and  extremely  quick  swelling  may  occur,  followed  by  indurar 
tion.  As  the  inflammation  subsides,  there  is  a  remarkable  tendency 
for  ossification  to  occur  even  in  the  newly  formed  inflammatory  tissue 
beneath  the  skin.  Such  subcutaneous  changes  occur  most  frequently 
in  the  foot  or  thigh,  especially  near  joints,  but  sometimes  in  the 
deeper  fibrous  tissues  between  the  muscles.  In  the  joints  the 
changes  consist  of  erosion  of  the  cartilage,  wasting  of  the  heads  of 
the  bones,  and  ossification  of  the  ligaments ;  sometimes  irregular  bony 
growths  form,  and  occasionally  the  head  or  shaft  of  a  long  bone 
may  undergo  an  extraordinary  increase  in  size  by  the  development  of 
new  osseous  tissue  on  the  surface.  The  joint  changes  may  thus 
assume  an  atrophic  or  hypertrophic  character,  and  the  movement  may 
be  either  too  free  or  too  limited.  Wasting  of  the  head  of  the  femur 
often  renders  dislocation  of  the  hip  easy.    With  such  changes,  and  often 


Fig.  122. — L'>comotor  ataxy,  painless  swelling  of  elbow-joint  after  a 
fall  on  it.  One  condyle  of  the  humerus  and  olecranon  were  founds 
after  death,  to  have  been  broken  oif.  Several  separate  pieces  cf 
new  bone  had  formed  in  the  oapsule  of  the  distended  joint. 

when  they  are  slight  in  degree,  there  may  be  great  effusion  within  the 
joints  and  oedema  outside  them.  The  larger  joints  are  those  most 
commonly  diseased — ^knee,  hip,  ankle,  elbow, — but  the  small  joints  of 
the  fingers  have  been  known  to  suffer  (Westphal).  The  relative  fre- 
quency with  which  the  chief  joints  are  affected  is  approximately 
indicated  by  the  following  percentage :  • — knee,  45 ;  hip,  20 ;  shoulder, 
11;  tarsus,  8;  elbow,  5;  ankle,  4.  They  often  occur  during  the 
pre-ataxic  stage.  The  lesions  are  sometimes  excited  by  injury,  and 
the  extraordinary  changes  that  may  follow  traumatic  influences,  or 
occur  alone,  afford  a  conclusive  indication  that  abnormal  trophic  in- 
fluences are  at  work.  Pig.  122  represents  the  arm  of  a  man  who  fell 
and  struck  his  elbow,  fracturing  the  olecranon  and  condyle.  This  was 
followed  by  extreme  painless  swelling,  and  bony  masses  could  be  felt, 
gradually  increasing  in  size.  After  death  the  fractures  of  the  bones 
were  foimd,  and  masses  of  new  bone  had  formed  in  the  capsule  of 
the  joints.    The  arthropathic  changes  occur  also,  however,  without 

*  Obt^ued  by  combining  the  collections  of  cases  of  Weizsficker  (Brans' '  Beitr. 
B.  kL  Chir.,'  1887)  and  Rotter  ('Arch.  f.  kl.  Chir.,'  Bd.  xxxvi^ 
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InJTiiy,  and  are  probably  due  to  disease  of  the  nerres,  which  not  only 
has  a  direct   trophic  influence,  but    also    renders    the    structures 

insensitive  to  the  injurious  effects 
of  prolonged  tension  or  pressure 
(Rotter).  When  inco- ordination  has 
developed,  the  variations  in  the  mus- 
cular contractions  involve  varying 
strain  on  the  ligaments,  especially  in 
the  case  of  joints,  as  the  knee,  that 
depend  for  part  of  their  support  on 


yio,  123. — Locomotor  ataxy  j  retro- 
flexion of  knee-joints. 


'>^ 

V 


FiO.  124.— Tabetic  foot.    (Prom  a  photo- 
graph b^  Mr.  Marriott,  B.Sc.) 


{he  muscular  tendons  that  pass  by  them.  The  knee-joint  may  thus 
become  so  lax  that  when  the  patient  stands,  the  joint  may  become 
retroflexed,  as  in  Fig.  128.  No  doubt  also  this  is  the  result  to  some 
extent  of  the  want  of  tone  in  the  muscles,  which  has  been  called  by 
Frenkel  hypotonie  musctdaire.  Changes  in  the  tarsal  bones  and  articu- 
lations may  cause  the  foot  to  become  flat,  with  a  projection  inwards  or 
backwards  of  the  tarso-metatarsal  articulations,  and  of  the  (often 
enlarged)  tarsal  bones.  The  condition  has  been  called  the  *'  tabetio 
dub-foot"  by  Charcot  and  F^re.* 

In  some  cases  there  is  painless  loss  of  teeth,  and  this  may  be  accom- 
panied by  the  presence  of  troublesome  ulceration  of  the  mouth,  re- 
garded  by  some  as  analogous  to  the  perforating  ulcer  of  the  foot. 

Viscerdl  symptoms  of  peculiar  character  occur  in  many  cases  of 
tabes.f  They  consist  almost  entirely  of  paroxysmal  disturbance  of 
function,  usually  attended  with  great  pain,  and  have  been  termed, 

*  The  trophic  changes  in  bone  and  joint  hare  been  regarded  by  some  as  simple 
chronic  oateo-arihritls,  without  causal  relation  to  the  nerve  disease  in  their  subjects, 
but  the  evidence  is  altogether  opposed  to  this  view.  The  arguments  that  can  be 
adduced  in  support  of  it  will  be  found  in  some  of  the  speeches  delivered  at  a  dis- 
eussion  at  the  Clinical  Society,  Nov.  and  Dec.,  1885. 

t  The  occurrence  of  attacks  of  vomiting,  sometimes  early  in  the  disease,  was 
pointed  out  by  Topinard,  but  thought  by  him  to  be  a  mere  complicRtion.  (Topinard, 
*  De  TatHzie  locomotrice,'  Paris  1864,  p.  278.) 
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bj  the  French,  crises,  with  quaUfyizig  adjectiyes  aooording  to  the 
seat  of  the  symptom.  There  is  a  tendency  to  OYor-elaborate  this 
terminology.  The  most  frequent  seat  of  such  disturbance  is  the 
stomach,  and  these  attacks  are  called  gastric  crises.  They  consist  of 
paroxysms  of  seyere  gastric  pain,  felt  in  the  epigastrium  and  often 
passing  tluough  to  the  back.  The  pain  is  accompanied  by  vomiting, 
with  or  without  nausea.  The  Yomiting  is  often  incessant,  and  is  first 
^f  food,  then  of  clear  liquid,  which  may  be  very  abundant ;  ultimately 
bile  is  Yomited,  and  sometimes  blood,  which  may  be  altered  in  colour; 
it  has  been  ascribed  to  simultaneous  yaso-motor  disturbance  in  the 
mucous  membrane.  Betardation  or  irregularity  of  the  action  of  the 
heart  has  sometimes  attended  such  an  attack,  and  rarely  pyrexia  has 
been  noted.  I  have  known  frequent  hiccough  to  accompany  the 
vomiting.  Such  an  attack  lasts  for  some  hours  or  days,  and  then 
subsides,  to  recur  in  a  few  weeks.  During  the  intervals  the  functions 
of  the  stomach  may  be  performed  in  a  perfectly  normal  manner. 
Although  pain  and  Yomiting  usually  occur  together,  some  patients 
haye  attacks  of  pain  without  vomiting,  and  in  others  there  is  vomiting 
without  pain.  It  may  occur  on  first  rising  in  the  morning,  and  be 
relieved  by  recumbency.  Earely  there  is  nausea  alone.  A  temperate 
*man,  in  tiie  early  stage  of  tabes,  suffered  during  three  years  from 
frequent  attacks  in  which,  for  several  days,  he  had  intense  nausea  each 
moruing,  passing  away  in  the  afternoon,  and  succeeded  in  the  evening 
by  an  inordinate  craving  for  food.  He  never  vomited  unless  he  made 
himself  do  so,  in  the  vain  hope  of  thus  obtaining  relief.  After 
two  years,  attacks  of  laryngeal  spasm  were  added  to  the  nausea^ 
Occasionally  gastric  attacks  coincide  with  paroxysms  of  pain  in  the 
trunk. 

The  chief  irUestinaX  disturbance  is  constipation,  but  paro^smal 
diarrhcea  has  been  supposed  to  be  of  vaso-motor  origin,  and  connected 
with  the  disease  (Pierret) .  Paroxysms  of  recta]  pain  {redal  crises) 
may  occur,  and  may  be  accompanied  by  distressing  tenesmus,  aome- 
times  by  a  sensation  as  if  there  were  a  foreign  body  in  the  rectum. 
In  rare  cases  paroxysms  of  pain  have  precisely  the  character  of 
attacks  of  renal  colic  (nephralgic  crises),  or  are  felt  in  the  neck  of  the 
bladder  or  along  the  urethra  or  at  the  meatus  (vesical  or  urethral 
crises).  These  may  be  attended  by  an  intense  desire  to  micturate 
although  the  bladder  may  be  empty  and  only  a  few  drops  of  urine 
may  be  expelled.  In  one  patient  such  pain  was  repeated  several 
times  an  hour,  and  each  attack  lasted  for  several  days.  Blood  may  be 
passed  after  an  attack. 

Laryngeal  crises  are,  perhaps,  after  those  of  the  stomach,  the  most 
•<!onunon.  They  vary  much  in  character.  The  most  common  form  is 
a  true  laryngeal  spasm,  with  noisy  inspiration  and  expiration,  cough, 
and  often  considerable  dyspnoea.  The  paroxysms  may  resemble  those 
of  whooping-cough  or  of  laryngismus  stridulus,  and  seem  to  be  due  to 
Bpiisni  of  the  adductors.    Pressure  on  the  superior  laryngeal  nerve  at 
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it8  entrajioe  into  the  larynx,  or  on  the  trachea,  or  the  introduction  of 
a  Bomid,  will  sometimes  induce  an  attack.  The  spasm  maj  last  for  a 
quarter  of  an  hour  or  for  some  hours,  but  rarely  continues  so  long  tm 
ibB  gastric  crises.  In  most  if  not  all  these  cases  of  adductor  spasm 
there  is  permanent  weakness  of  the  abductors,  which  when  consider- 
able constitutes  a  rery  grave  complication.  Whenever  there  is  a 
history  of  laryngeal  spasm,  the  respiratory  sound  should  be  carefully 
observed  to  detect  any  inspiratory  stridor.  In  one  recorded  case  the 
spasm  spread  to  the  pharynx,  making  swaQowing  impossible;  a  violent 
attack  extended  to  the  musdes  of  respiration,  and  the  patient  died 
asphyxiated.  Death  from  these  attacks  is,  however,  rare.  Paroxysms  of 
rough  cough  have  been  termed  "  bronchial  criie$s**  in  one  case  such 
attacks  ceased  when  the  patient  began  to  suffer  from  gastric  crises. 
Such  paroxysmal  cough,  sometimes  ending  with  a  "  whoop,*'  is  more 
frequent  than  definite  laryngeal  spasm.  The  definite  crises  are,  how- 
ever, often  early  symptoms,  and  they  may  continue  for  many  years.  I 
have  seen  a  patient,  still  in  the  first  stage,  who  gave  a  history  of 
gastric  crises  during  the  preceding  eighteen  years.  Anginous  attacks 
have  also  been  described.  Acceleration  of  tiie  pulse  is  common*  and 
cardiac  disease,  especially  aortic,  by  no  means  rare. 

Oomparable  to  these  paroxysmal  visceral  disturbances,  although 
veiy  difiEerent  in  character  and  more  alarming  in  aspect,  are  cerebral 
symptoms;  but  these  are,  fortunately,  very  rare.  They  resemble  the 
attacks  that  are  common  in  general  paralysis  of  the  insane,  and  con- 
sist of  transient  apoplectiform  seizures,  of  transient  hemiplegia,  or  of 
convulsions,  general  or  one-sided.  They  may  occur  early  in  the  course 
of  the  disease.  The  alarm  they  occasion  is  not  without  foundation* 
since  death  has  been  known  to  occur  during  an  attack  of  apoplectic 
aspect.  Occasionally  an  actual  lesion  occurs  (probably  thrombotic 
softening),  causuig  persistent  hemiplegia,  which  is  probably  only 
coincident  with  the  chronic  disease  of  the  nervous  system.  Paroxysms 
of  vertigo  sometimes  occur,  but  their  nature  is  uncertain.  They  pro- 
bably frequentiy  depend  on  derangement  of  the  auditory  nerve  or 
labyrintL  Cerebral  symptoms  may  also  be  superadded,  especially  in 
cases  which  terminate  as  general  paralysis. 

Ccm/ne  and  Terminaiion. — ^It  is  convenient  to  divide  the  course  of 
the  disease  into  three  stages : — (1)  In  which  there  is  no  alteration  in 
gait,  the  common  indications  of  the  malady  being  the  loss  of  the 
knee-jerk  and  the  pains,  often  associated  with  loss  of  the  light-reflex 
of  the  iris,  and  unsteadiness  on  standing  with  the  feet  together  and 
eyes  shut.  (2)  That  in  which  there  is  distinct  affection  of  gait,  slight 
or  considerable,  but  in  which  the  patient  is  still  able  to  walk,  alone  or 
with  the  aid  of  one  or  two  sticks.  (3)  In  which  walking  is  possible 
only  with  the  aid  of  another  person,  or  it  is  impossible  for  the  patient 
to  walk  or  to  stand.  The  first  stage  is  not  always  present ;  inoo-ordi- 
nation  may  be  developed  simultaneously  with  the  loss  of  the  knee- 
jerk,  as  one  of  the  earliest  symptoms. 
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The  conne  of  the  Bymptoms  is  extremely  Tariable.  The  inoo-ordi* 
nation  HBtiallj  supervenes  gradually  in  the  course  of  months,  bat  it 
sometimes  deyelops  yerj  rapidly.  I  have  known  it  to  become  extrema 
in  the  course  of  a  fortnight  from  its  onset,  after  the  first  stage  had 
existed  for  a  considerable  time.  The  epithet  '*  progressiye/'  given  to 
the  malady  by  Duchenne,  expresses  a  characteristic  of  a  large  propor* 
tion  of  the  cases  in  which  ataxy  is  developed,  and  he  knew  no  other 
cases  of  the  disease.  The  inco-ordination,  once  developed,  often 
increases  slowly  or  rapidly,  until  it  reaches  a  moderate  or  a  consider- 
able degree,  and  the  sensory  loss  shows  a  like  tendency.  The  local 
onset  of  the  ataxy  seems  to  be  sometimes  excited  by  a  peripheral 
influence,  such  as  injury ;  in  one  cas**  an  injury  to  the  left  hand  was 
followed  by  inco-ordination  in  that  limb,  afterwards  general  and  cha* 
racteristic.  Still  more  common  is  a  rapid  increase  in  the  symptoms  after 
such  a  disease  as  influenza,  or  in  consequence  of  alcoholic  excess.  In 
such  cases  careful  inquiry  will  generally  elicit  evidence  of  preceding 
symptoms.  The  pains  sddom  correspond  to  the  other  symptoms  in 
degree  or  course.  They  are  often  very  severe  in  the  early  period  of 
the  disease,  and  may  either  lessen  or  continue  unchanged  as  the  loss 
of  sensation  develops.  Their  persistence,  even  in  severe  degree,  does 
not  show  progress  in  the  disease  ;  once  set  up,  they  may  continue  for 
years  without  any  increase  in  the  other  symptoms,  and  seem  in  this  to 
be  analogous  to  neuralgia,  being  evidence  only  of  functional  activi^ 
in  the  altered  nerves. 

The  power  of  recognising  the  first  stage  of  the  disease,  which  w« 
owe  to  Westphal's  discovery  of  the  loss  of  the  knee-jerk,  has  enlarged, 
and  in  enlarging  has  to  some  extent  modified,  our  conception  of  the 
general  tendency  of  the  disease.  It  is  exceedingly  common  for  the 
first  stage  to  remain  stationary  for  a  long  time,  for  ten,  twenty,  and 
eves,  in  one  case  I  have  known,  for  twenty-five  years,  if  the  duration 
of  the  lightning  pains  may  be  accepted  as  proof  of  its  existence.  W)  en 
all  cases  are  taken  together,  and  if  the  patients  are  subjected  to  careful 
treatment,  the  disease  probably  shows  a  progressive  tendencj  in 
less  than  one  half  of  the  cases. 

The  other  symptoms  also  do  not  always  progress  |Kiri  passu.  8ea« 
sibility  may  fail  aJthoiJ^h  inoo-ordination  does  not  increase.  Oon- 
versely,  the  ataxy  may  become  greater,  although  sensation  remains  the 
same,  and  even  when  it  shows  a  distinct  improvement.  To  this  we 
shall  return  in  considering  the  pathology  of  the  disease.  The  contrast 
between  the  course  of  different  symptoms  in  some  cases  is  very 
marked.  If  optic  nerve  atrophy  develops,  the  spinal  symptoms  often 
remain  stationary,  and  this  is  also  true  of  visceral  crises;  I  have 
known  gastric  crises  to  cease  when  inco-ordination  came  on.  In  on^ 
patient  aU  the  symptoms  of  tabes  passed  away,  optic  nerve  atrophy 
ceased  to  advance,  and  even  the  knee-jerk  returned,  when  the  patient 
became  insane.  The  atrophy  of  the  optic  nerves,  although  generally 
progressive  to  blindness,  also  may  become  amsted.    It  may  remain 
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Hmited  to  o^  ijf  c,  and  ereii  when  bilateiul  and  yery  definite,  it  maj 
cease  to  increabe. 

Therate  of  increase  in  the  symptonis  of  tabes^  when  this  occurs, 
yaries  much.  Sometimes  it  is  so  slow  that  the  ataxy  is  considerable 
only  at  the  end  of  several  years.  On  the  other  hand,  it  may  be  so 
rapid  that  in  a  few  months  the  patient  is  scarcely  able  to  walk.  More 
commonly  the  course  is  variable ;  periods  in  which  the  disease  is  almost 
stationary  alternate  with,  others  in  which  the  symptoms  increase 
rapidly.  The  exacerbations  may  seem  spontaneous,  or  may  be  dis- 
tinctly excited  by  some  prejudidal  influence— a  chill,  a  fall,  or  some 
excess,  alcbolic  or  sexual  They  are  sometimes  very  acute ;  a  marked 
change  may  occur  in  the  course  of  a  few  days,  or  even  in  a  few  hours. 
Thus  I  havid  known  a  patient  to  pass,  in  the  course  of  twenty-four 
hours,  from  a  condition  in  which  he  could  walk  fairly  well  to  one  in 
which  he  could  scarcely  stand.  The  symptoms  suggested  that  local 
myelitis  had  occurred  in  the  degenerating  cord.  Muscular  power  may 
lessen  in  such  a  sudden  exacerbation*  or  the  increase  may  be  confined 
to  the  special  symptom  of  the  disease — the  ataxy.  The  conditions 
thus  developed  may  pass  away  again,  leaving  the  patient  on  a  little 
lower  level  than  before,  but  they  often  persist  without  any  considerable 
vecovery. 

There  is  nothing  in  the  nature  of  the  disease,  in  most  cases,  to 
produce  death.  The  only  direct  effect  of  the  malady,  which  has  ended 
life,  is  laryngeal  spasm  or  paralysis.  Even  the  gastric  symptoms^ 
prostrating  as  they  are,  are  never  fatal  Patients  who  have  reached 
the  third  stage  have  lived,  bedridden,  for  twenty  years.  Death  often 
vesults  from  intercurrent  maladies,  some  of  whidi  are  more  dangerous 
to  these  sufferers  than  to  others  because  they  may  develop  painlessly, 
and  attain  a  serious  degree  before  their  existence  is  suspected.  Bat 
many  patients  die  from  indirect  results  of  the  disease.  Kidney  com- 
plications are  the  most  common;  they  often  develop  insidiously,  and 
only  manifest  themselves  when  life  is  in  peril,  as,  for  instance,  by 
acute  febrile  symptoms,  the  exact  nature  of  which  may  be  unsuspected 
until  the  urine  is  examined.  I  have  known  a  patient,  still  in  the  first 
jstagc,  die  thus  after  a  few  days'  Ulness.  Whenever  obscure  pyrexia  is 
met  with  in  diseases  of  the  spinal  cord,  interference  with  the  function 
of  the  kidneys,  due  to  retention  of  residual  urine,  should  always  be 
suspected  and  looked  for.  Bedsores  and  pyemia  occasionally  cause 
death,  although  far  less  frequently  than  in  most  other  diseases  of  the 
spinal  coid. 

CoMPLiCATiOHS. — Occurring,  as  most  cases  do,  in  syphilitic  subjects, 
tabes  is  sometimes  complicated  by  true  syphilitic  lesions  of  the  brain 
or  cord,  generally  the  later  lesions,  such  as  gummata,  or  sadden  palsy 
from  the  disease  of  a  cerebral  vessel. 

Acute  or  subacute  myelitis  may  oooor  daring  the  coarse  of  the 
disease  with  dharaoteristio  symptoms.    Saoh  a  complication  must  not 
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be  oonfounded  with  the  simple  acute  exacerbation  in  the  special 
BTmptoms,  which  sometimes  occurs  with  remarkable  rapidity. 

Other  system  disea8()|i  of  the  cord  maj  develop  as  complicationB  of 
tabes.  The  lateral  columns  maj  be  diseased  with  the  dorsal  posterior 
columns,  giving  rise  to  "ataxic  paraplegia/'  but  this  is  a  distinct 
affection,  and  will  be  so  described.  Another  occasional  complication  is 
muscular  atrophy,  both  the  local  atrophy  already  mentioned  (espe- 
cially frequent  in  the  tongue),  and  general  atrophy,  such  as  is  met 
with  in  the  pure  spinal  form.  Thus  a  gentleman,  who  had  had 
hemiplegia  from  syphilitic  vascular  disease,  developed  the  first  stage 
of  tabes — ^pains,  loss  of  knee-jerk,  loss  of  the  iris-reflex,  and  slight 
unsteadiness.  He  had  two  courses  of  mercurial  treatment  at  Aix-la- 
Chapelle,  and  at  the  end  of  the  second,  atrophy  began  in  the  muscles 
of  ike  hands,  and  spread  during  two  years  until  almost  aill  the 
muscles  of  the  arms,  shoulders,  and  back  became  extremdy  wasted. 
Local  muscular  wasting  (according  to  the  researches  of  Dejerine*) 
is  usually  the  result  of  degeneration  of  the  peripheral  nerves;  it 
is  generally  symmetrical.  The  extensive  wasting,  as  in  the  case 
just  mentioned,  is  probably  due,  as  a  rule,  to  degeneration  in  the 
anterior  comua  of  the  spinal  cord. 

In  rare  cases  the  legs  present  the  symptoms  of  tabes,  while  in  the 
arms  there  is  the  jerky  inco-ordination  of  disseminated  sclerosis,  and 
the  co-existence  of  the  two  lesions  has  been  demonstrated,  but  is  veiy 
rare. 

Another  very  important  and  frequent  complication  of  tabes  is 
general  paralysis  of  the  insane.  The  two  diseases  have  many  alliances. 
It  is  probable  that  syphilis  is  the  chief  cause  of  general  paralysis,  as 
well  as  of  tabes.  Reflex  iridoplegia  is  common  in  both  diseases.  The 
two  maladies  are  often  combined,  and  the  symptoms  of  one  or  the 
other  may  preponderate.  Thus  many  general  paralytics  present  sym- 
ptoms of  tabes,  and  its  characteristic  lesion  is  found  after  death.  On 
the  other  hand,  cases  of  tabes  may  present  slight  symptoms  of  general 
paralysis,  perhaps  only  slight  optimism  and  mental  weakness,  which 
may  remain  subordinate,  or  may  increase  to  a  pronounced  and  pre- 
ponderant degree.  It  may  be  difficult  to  say  in  which  category  a  case 
should  be  placed.  It  is  sometimes  said  that  the  disease  may  com- 
mence as  ataxy,  and  may  change  to  general  paralysis,  but  a  more 
correct  expression  of  the  facts  is  the  co-existence  of  ^e  two  affections, 
and  the  dominance  of  the  symptoms  of  one  or  the  other. 

Of  complications  of  tabes  outside  the  nervous  system,  besides  the 
indirect  consequences  of  the  malady,  valvular  heart  disease  is,  perhaps, 
the  most  important,  and  usually  develops  without  any  of  the  usual 
antecedents,  and  at  an  age  at  which  degeneration  is  unlikely.  It 
is  not  improbable  that  the  coincidence  is  really  one  of  cause,  the 
valvular  disease  being  the  result  of   a  syphilitic  process.     Other 

•  Dejerine,  <  Revae  de  M^V  1389. 
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oomplications  are  so  rare  as  only  to 
deserve  notioe  wlien  a  causal  con- 
nectiozL  can  be  traced  or  reasonablj 
suspected.  Coincident  glycosuria  has 
been  ascribed  to  an  affection  of  the 
medulla  oblongata  (or  may  be  pro- 
duced through  the  cervical  spinal 
cord),  but  it  is  extremely  rare.  But 
sclerosis  of  the  posterior  columns 
has  been  shown  by  Williamson  to 
occur  in  diabetes.* 

Patholooioaii  Ahatomt. — ^In  most 
cases  the  spinal  cord  presents  changei 
visible  to  ihe  naked  eye.  The  poste- 
rior columns  have  a  grey  translucent 
appearance,  which  is  due  to  the  loss  of 
the  nerve-fibres,  and  to  an  increase  of 
the  connective  tissue  ("grey  d^ene- 
ration  ").  The  whole  of  the  posterio* 
columns  may  be  thus  changed,  or  onlj 
parts  of  them,  the  distribution  of  the 
visible  alteration  being  that  of  the 
histological  changes  revealed  by  the 
microscope  and  presently  to  be  de- 
scribed. In  the  hardened  cord  the 
difference  of  tint  in  the  diseased  areas 
is  even  more  distinct  than  it  is  in  the 
fresh  organ.  The  posterior  columns 
are  also  smaller  than  normal,  because 
the  bulk  of  the  connective  tissue  is 
less  than  that  of  the  normal  fibres : 
hence  the  shape  of  the  cord  is  slightiy 
changed. 

Fxo.  125. — Locomotor  staiy  liiTolTinfr  the 
]6fft  onlj.  Solerotif  of  the  whole  posterior 
oQlamiie  in  the  lamher  region,  ffredually 
hecoiiiingr  limited,  in  the  lower  dorial  re- 
gion, to  the  root-ione  and  poeterior  median 
colamn.  The  latter  only  is  afPected  in  the 
upper  half  of  the  cord  (asceudin^:  degeneim* 
tion).  There isaltooonspicuonsdegeDeratioB 
in  the  antero-lateral  ascending  tract.  Thia 
is  rather  greater  on  the  left  side,  while  the 
post.-median  degenermtioii  ie  gre:iter  on  the 
right,  in  harmonT  with  the  fact  that  the 
latter  oonsbts  of  flhres  which  do  not  deeoi* 
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lu  a  aection  of  the  cord  stained  with  carBiine  or  similar  reagent, 
and  examined  under  the  microscope,  the  afEected  areas  are  conspicuous 
by  the  deep  staining  of  the  connective  tissue.  The  position  of  the 
excess  of  this  tissue,  of  the  ''  sclerosis/'  as  it  is  termed,  indicates  the 
place  in  which  the  nerve-fibres  have  degenerated.  In  the  most 
frequent  condition,  in  which  the  legs  only  are  affected,  the  sclerosis 
occupies  the  whole  of  the  columns  in  the  lumbar  region  (Fig.  125),  but 
it  is  often  slight  in  the  anterior  parts  of  the  postero-eztemal  columns, 
which  may  even  be  free  from  sclerosis ;  also  in  the  middle  of  these 
columns  many  more  nerve-fibres  may  be  seen  than  elsewhere.  The 
sclerosis  is  most  dense  in  the  part  adjacent  to  the  posterior  coma, 
through  which  the  posterior  root-fibres  run,  and  near  the  surface  of  the 
oord  (Fig.  125,  d  12).  Above  the  lumbar  enlargement  the  affection  of 
the  postero-external  columns  gradually  ceases,  but  the  degeneration  is 
intense  in  the  postero-median  columns,  and  has  the  distribution  of  an 
ascending  degeneration,  as  it  in  fact  is,  receding  from  the  commissure 
in  the  upper  cervical  region.  (Compare  Fig.  125  with  Fig.  77,  p.  2 14) 
In  other  cases  the  external  band  of  sclerosis,  adjacent  to  the  comu, 
continues  separate  through  the  dorsal  cord  and  eyen  through  the 
cervical  enlargement  (Fig.  126) ;  the  median  d^eneration  then  ezten'li 


Fig.  I^.— Tabes  with  atiixy  of  the  urme  as  well  a«  the  Ugn.  Seetioo 
of  cord  in  cervical  region,  showing  telerosis  of  the  poaU-med.  ooliimB 
ar  4  root.zone  of  post-ezt.  coL     Degeneration  of  left  ant  coma. 


tip  to  tl^e  commissure  throughout  the  cervical  region,  just  as  does  ths 
seconda77  degeneration  that  results  from  a  cervical  lesion  (see  Fig.  78, 
p.  216).  But  in  the  cervical  enlargement,  the  unaffected  area  in  the 
anterior  ps«rt  of  the  postero-external  column  is  usually  much  larger 
than  in  the  lumbar  enlargement. 

In  rare  cases,  of  severe  and  long  duration,  the  posterior  columns  are 
occupied  by  connective  tissue  in  their  whole  extent  from  one  end  of  the 
cord  to  the  other.  A  few  fibres  of  the  posterior  roots  and  a  few 
vertical  fibres  near  the  commissure  may  alone  be  recognisable.  An 
instance  of  such  almost  complete  sclerosis  is  shown  in  Fig.  127. 

Ou  the  other  hand,  in  slight  cases,  in  which  the  disease  is  still  in  thfl 
first,  or  in  the  commencement  of  the  second  stage,  the  sclerosis  is 
moderate  in  degree,  even  in  the  regions  of  the  cord  most  affooted. 
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The  separation  of  the  sclerosed 
{>08tero-inedian  columns  may  be 
distinct  throughout  the  cord, 
except  in  the  lumbar  enlarge- 
ment, where  the  median  degene- 
ration expands  into  the  external 
column.  The  sderosis  of  the 
postero-extemal  column  is  then 
usually  limited  to  the  root-zone, 
and  Yaries  in  width,  according 
to  that  of  the  area  through 
which  the  root-fibres  pass.  In 
the  dorsal  region  there  is  usu- 
ally a  narrow  band  of  sclerosis 
dose  to  the  posterior  comu ;  in 
the  lumbar  region  it  reaches 
almost  to  the  median  septum. 
In  some  instances,  however,  a 
very  slight  degree  of  sclerosis 
extends  from  the  most  affected 
tracts  through  the  rest  of  the 
columns,  and  is  generally  great- 
est in  their  posterior  half.  This 
condition  existed  in  the  very  in- 
structive case  shown  in  Fig.  128. 
The  intensification  of  this  dif- 
fuse sclerosis  in  the  root-zone 
and  median  oolunms  is  very  dis- 
tinct, although  the  affection  of 
the  latter  is  unusually  slight* 
There  is,  moreover,  in  the  dorsal 
region,  sclerosis  of  another  part 
ot  the  postero-extemal  column 
— ^the  comma-shaped  tract  of 
short  fibres,  which  degenerates 
downwards  for  a  few  inches 
below  a  transverse  lesion  of  the 
cord  (see  p.  219  and  Figs.  78 
and  110,  V).  It  is  most  distinct 
in  128  at  D  8,  but  can  be  traced 
up  to  the  cervical  region,  where 
its  form  is  changed 

The  tract  of  ^e  fibres  of  the 
posterior  root,  discovered  by 
Lissauer,  is  generally  diseased.* 

^  It  was  lint  described  bj  Lissauer 
in  connection  with  its  disease  in  tabet; 


axeas  in  the  postero-extemal  and  the 


FiO.  187.  —  Locomotor  ataxy  i  extreme 
inooH^rdioation  and  HnsBHtiiesia  in  both 
arms  and  legs;  the  posterior  oolomne 
are  sclerosed  tbrongliout  tbe  cord  in 
their  entire  extent.  A,  upper  cvrvical, 
B,  C,  D,  dorsal,  E,  lumbnr  rejrions.  lu 
D  there  isalvo  some  degeneration  of  the 
intermediate  grey  substance. 
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The  antero-lateral  oolimms  may 
be  perfectly  normal,  eyen  wlien  tbe 
disease  of  the  posterior  coliunxui 
is  great.  Often,  however,  in  old 
cases,  there  is  a  slight  general 
increase  of  the  connectiye  tissue 
throughout  the  cord.  Sometimes 
there  ia  distinct  sclerosis  of  other 
definite  tracts,  e.  g,  of  the  ascend* 
ing  antero-lateral  tract  (as  in  Fig 
125),  or  of  the  direct  cerebellar 
tract.  In  rare  cases  there  ia  a 
distinct  degeneration  of  the  pyra- 
midal tracts.  The  whole  peripheiy 
of  the  antero-lateral  column  is 
thus  occasionally  the  seat  of  scle- 
rosis, the  oonnectiTe  tissue  ez« 
tending  in  from  the  pia  mater, 
which  is  usually  also  thickened; 
it  is  probable  that  this  condition 
may  be  solely  the  result  of  the 

FfG.  128.— LOOO.  ATAXT;  SCIiSBOfllS  OV 

P08TBBI0B  coLUicirs.— In  L  1  the  pos- 
terior portion  of  both  post.*med.  eoh 
and  poet.-ext.  col.  is  densely  ecleroMd^ 
bat  in  front  only  the  post.-med.  col.  At 
D 10  the  scleroiie  is  also  general,  bat  if 
dense  only  in  the  root-zone  of  the  poft.* 
est.  col.  At  D  8  and  O  4  the  change 
is  alight,  except  in  three  areas,  the  root- 
sone,  the  middle  part  of  the  po8t.-med. 
ooL,  and  the  oomma-shaped  tract  in  the 
front  of  the  po3t.-ext.  coL  At  D  I  tbe 
comma-shaped  tract  ia  narrow,  and  in 
C  7  it  mergea  in  a  band  of  aclerosii, 
which  boanda  the  anterior  part  of  the 
p0Bt.-med.  coL  There  is  a  little  diffnie 
tclerosis  throngh  the  rest  of  the  colnmii, 
and  in  the  first  dorsal  there  ia  aome 
degeneration  of  the  anterior  cornua.— 
Symptoms  of  the  first  atage  had  existed 
for  four  years  (lightning  pains,  slight 
analgesia,  loss  of  knee-Jerk  and  iris-re- 
flex,  gastric  crises,  optic  nerve  atrophy). 
A  few  weeka  before  death  the  legs 
gradnally  became  paralyaed,  and  the 
arma  ataxic  i  retention  of  nrine  caused 
acnte  kidney  mischief,  which  was  the 
Immediate  canse  of  death.  No  lesion 
was  foand  after  death  to  explain  the 
snbaoate  paralysis,  bnt  tbe  peripheral 
nenres  were  not  examined,  their  dii- 
ease  being  then  unknown. 

■ee  <Neur.  Cent,'  1885»  p.  246|  aboih, 

1886,  p.  419. 
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primary  degeneration  of  the  nerve-fibres  even  when  it  closely  simulates 
the  aspect  of  meningitic  invasion.  The  comu-commissural  and  septo- 
marginal  tracts,  the  former  dose  to  the  posterior  commissure  at  the 
most  anterior  part  of  the  posterior  colunms,  the  latter  on  each  side  of  the 
posterior  mediiw  septum,  are,  as  a  rule,  spared  in  tabes.  They  probably 
consist  of  endogenous  fibres,  connecting  different  levels  of  Uie  cord.* 

In  slight  cases  it  is  difficult  to  distinguish  any  changes  in  the  grey 
matter  of  the  cord,  although  it  is  probable  that  there  is  some  atrophy 
of  the  nerye-cells  and  fibres  in  the  posterior  horn  in  many  cases. 
Various  structural  changes  can  be  discerned  in  more  advanced  cases 
(as  Lockhart  Clarke  first  showed),  and  the  posterior  commissure  may 
be  reduced  in  size.  The  posterior  vesicular  column  also  shows  distinct 
degeneration  in  most  cases.  Some  atrophy  of  the  plexus  of  fine  fibres 
contained  in  this  column  is  said  to  be  almost  invariable  (Lissauer), 
but  frequently  the  cells  and  vertical  fibres  waste,  and  sometimes  only 
a  few  shrunken  cells,  scattered  through  a  translucent  nucleated  tissue, 
may  remain.  The  atrophy  of  the  cells  is  said  to  be  especially 
associated  with  sclerosis  of  the  direct  cerebellar  tract;  also  (but  on 
slighter  evidence)  with  that  of  large  fibres  in  the  pyramidal  tract, 
which  do  not  degenerate  downwards.  When  the  cells  are  unaffected, 
although  the  intervening  substance  is  diseased,  the  cerebellar  tract 
may  be  normal,  and  the  fibres  passing  to  it  from  the  front  of  the 
vesicular  tract  may  be  unaffected.  The  degeneration  of  the  grey 
matter  often  extends  into  the  intermediate  region  between  the  comua 
(Pig.  127,  b)  ;  the  intcrmedio-lateral  tract  of  cells  may  be  atrophied, 
and  occasionally  even  the  anterior  comu  and  its  cells  suffer  in  a 
similar  way  (Figs.  126, 128,  d  1).  As  we  have  seen,  this  change  may 
be  the  cause  of  muscular  atrophy,  although  in  other  instances  the 
muscular  wasting  depends  on  alterations  in  the  motor  nerves. 

The  sclerosis  varies  considerably  in  its  histological  characters.  In 
slight  cases  ther6  is  merely  a  moderate  thickening  of  the  trabecule 
and  their  branches.  The  larger  tracts  are  more  fibrous  than  normal, 
and  more  nuclei  are  seen  than  in  health.  Everywhere  the  new  growth 
of  connective  tissue  proceeds  chiefly  from  the  pre-existing  tracts, 
vessel- walls,  &o.  When  the  change  is  considerable  the  trabecule  are 
very  broad,  and  areas  seem  to  consist  wholly  of  connective  tissue, 
fibrillated  and  nucleated.  In  old  cases  there  is  sometimes  little 
appearance  of  fibrillation  in  the  most  affected  region;  cells  and 
thickened  vessels  lie  in  a  granular  or  homogeneous  tissue.  From  the 
parts  most  changed  the  nerve-fibres  have  wholly  disappeared ;  in  other 
parts,  however,  close  examination  reveals  many  fibres  narrower  than 
normal,  and  many  stained  points  that  may  possibly  be  axis-cylinders. 
The  walls  of  the  vessels  are  usually  increased  in  thickness,  sometimes 
to  a  very  considerable  degree.  The  coat  next  the  endothelium  may  be 
thickened  and  contain  many  nuclei,  but  the  chief  increase,  in  most 
cases,  is  in  the  outer  ooat  and  adventitia,  whence  the  tracts  of  tissue 
•  See  A.  Bruce^  •  Bnun,*  1807. 
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pass  off  into  the  adjacent  region*  The  pia  mater  is  Bometimes 
thickened  oTer  the  posterior  columns;  the  Tessels  in  it  may  then  be 
similarlj  changed.  The  alteration  in  the  membrane  may  extend  OTer 
the  neighbouring  part  of  the  lateral  column,  and  even  around  the 
cord  (Fig.  129),  and,  as  already  stated,  septa  passing  firom  it  into  the 
cord  may  be  thickened  in  the  circumferential  zone.  This  peripheral 
sclerosis  is  probably  the  result  of  three  distinct  processes,  the  relative 
share  taken  by  each  varying  in  different  cases :  (a)  a  primary  degene- 
ration of  the  peripheral  ascending  tracts;   (6)  a  process  of  chronic 


-^-'<^. 


'    ^..! 


FiO.  129. — Tabes.  Chronie  meningitis.  Cerrical  region.  Sclerosis  ol 
post-median  cohimns  and  slight  diffuse  sclerosis  of  the  cord,  least  In 
ant.  ools.,  dense  in  the  right  lateral  colamn.  Thickened  pia  mater, 
and  damage  to  subjacent  superficial  layer  of  the  cord. 

interstitial  myelitis,  spreading  from  the  pia  mater,  which  is  the  seat 
of  an  inflanmiatory  tissue  formation ;  this  may  cause  (c)  a  secondary 
ascending  degeneration  in  the  fibres  af^ted  in  the  first  process.  It 
is  important  to  recognise  this  complexity  of  mechanism. 

In  cases  of  rapid  course,  products  of  degeneration,  masses  of  myelin 
and  granule  corpuscles,  may  be  found  in  the  affected  parts  when  these 
are  examined  by  appropriate  methods. 

In  rare  cases  other  lesions  €kre  found  in  the  cord,  corresponding 
to  the  complications  already  described.  The  lateral  columns  may  be 
sclerosed  apart  from  any  thickening  of  the  membranes.  Diffuse 
myelitis  may  be  met  with,  and,  occasionally,  characteristic  insular 
sclerosis  has  been  found  in  the  cervical  region. 

The  posterior  nerve-roots  may  appear  normal  in  slight  oases:  it 
must  be  remembered  that  only  a  considerable  degree  of  alteration  can 
be  detected  even  by  the  microscope.  Often  their  disease  is  con- 
spicuous ;  when  the  cord  is  much  affected  they  are  invariably  affected, 
and  may  be  atrophied,  grey,  and  thin  to  the  naked  eye,  while  the 
microscope  shows  wasting  of  the  nerve-fibres  and  slight  increase  of 
oonnective  tissue.  The  intra- spinal  part  may  be  much  more  altered 
than  the  extra-spinal.  The  changes  extend  to  the  ganglia.  These 
structures  are  sometimes  normal,  occasionally,  however,  much  altered, 
and  the  mixed  nerve  immediately  beyond  them  may  be  almost  free  from 

•  Stroebe,  *  Cent.  f.  Allg.  Path.  u.  Path,  Anat.,'  1894,  Bd.  v. 
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degeneration.  Tlie  anterior  nerye-roots  are  altogether  normal,  except  in 
tiie  rare  eases  in  whicli  the  anterior  cornua  have  suffered,  and  then  some 
of  their  fibres  maj  be  degenerated,  and  the  atrophied  fibres  maj  be 
traced  also  in  the  mixed  nerve-trunk  beyond  the  junction  of  the  roots. 
The  peripheral  spinal  nerves  have  been  found  degenerated  and  in 
various  d^rees  of  atrophy  in  a  large  number  of  cases  of  tabes.*  The 
change  consists  in  a  wasting  of  the  nerve-fibres,  beginning  in  the 
white  substance,  which  may  be  reduced  to  a  very  narrow  layer. 
Ultimately  the  axis-cylinders  pensh ;  they  are  said  to  present  irre- 
gular swellings  when  the  sheath  begins  to  waste.f  There  may  be  a 
slight  increase  in  the  interstitial  tissue  and 
nuclei,  but  the  change  commences  in  the 
nerve-fibres  themselves.  The  degeneration 
is  greatest  in  the  terminal  nerve-filaments, 
and  lessens  in  degree  as  the  nerves  are  exa- 
mined higher  up,  gradually  ceasing  in  the 
larger  trunks,  and  before  the  plexuses  or 
corresponding  main  divisions  are  reached, 
the  fibres  are  almost  always  healthy.  The 
s^isory  fibres  seem  to  be  exclusively  affected. 
The  lesion  has  hitherto  been  found  chiefly  in 
the  sensoiy  nerves  that  supply  the  skin  and 
joints,  but  that  the  sensory  nerves  of  muscle 
undergo  a  similar  change  has  been  ascer- 
tained by  Dejerine.  It  is  probable  that 
these  afferent  muscle  nerves  are  invariably 
diseased,  especially  the  fibres  concerned 
in  conducting  the  impressions  that  guide 
coordination,  spinal  and  cerebellar. — on  the 
former  of  which  the  knee-jerk  di  pend  >,  ac- 
cording to  the  theory  maintained  on  an  earlier 
page.  The  detection  of  this  degeneration, 
among  the  unchanged  motor  fibres  of  the 
nerves,  is  very  difficult,  and  this  explains  the 
paucity  of  evidence  of  it.  The  peripheral 
degeneration  is  found  most  commonly  in  the 
legs,  but  is  met  with  also  in  the  arms  when 
iheoe  are  the  seat  of  symptoms.  The  change 
in  the  nerves  bears  no  relation  to  that  in  the 
spinal  cord  in  degree,  or  even  in  existence, 
for  extreme  alterations  have  been  found  in  the  nerves  when  the  cord 
was  quite  normal.  On  the  other  hand,  in  some  cases,  the  nerves  have 
been  healthy. 

*  The  lint  observation  wu  made  hy  Westphal,  bnt  the  extent  and  significance  of 
the  change  in  the  nerres  was  pointed  out  by  Pierret  (1880),  and  his  observation  was 
toon  after  eonflnned  and  extended  by  Dejerine  and  Pitrea. 

t  Schmans»  «  Dent.  Arch.  f.  klin.  Med. '  1890. 
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Fie.  ISO.— Osseous  lesions 
in  tabes.  (After  Charcot.) 
A.  Atrophy  of  the  head 
of  the  femur.  B.  Exces- 
sive formation  of  callus 
after  so-called  ** sponta- 
neous*' fracture  of  the 
ulna  and  radius. 
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The  optic  nerves,  when  atrophied,  present  wasting  of  the  nerre* 
fibres,  and  usuallj  a  remarkable  increase  in  the  interstitial  connective 
tissue,  which  constitutes  thick  tracts  of  gelatinous  aspect.  Dege- 
neration of  the  ascending  or  descending  roots  of  the  fifth  nerve  bat 
been  repeatedly  found  (first  by  Westphal  in  1864)  in  cases  in  which 
symptoms  were  present  in  the  area  of  its  distribution.  Similar 
changes  in  the  roots  or  nuclei  of  other  cranial  nerves  have  also  been 
found. 

Pierret  has  described,  as  common  in  cases  with  va«o-motor  and 
visceral  symptoms,  a  degeneration  of  the  intermedio-lateral  tract  and 
adjacent  nerve-fibres  in  the  upper  part  of  the  cord,  traceable  up  the 
m^uUa  oblongata  in  the  region  of  the  so-called  "  slender  column," 
adjacent  to  the  accessory,  glosso-pharyngeal,  and  pneumogastric 
nuclei,  from  which  it  is  supposed  that  the  chief  visceral  and  vaso- 
motor influences  are  exerted.  The  sympathetic  has  been  examined  in 
several  cases,  and  found  healthy,  with  one  exception,  in  which  the 
sympathetic  on  the  left  side  of  the  neck  was  degeuerated  in  associa- 
tion with  left  exophthalmos. 

In  the  diseased  bones  or  joints  conspicuous  changes  aiB  found 
after  death.  There  is  occasionally  an  extraordinary  wasting  of  the 
articular  ends  of  the  bones,  which  seems  to  begin  by  rapid  erosion  of 
the  cartilages,  extending  quickly  to  the  bone  beyond,  the  extremil^  of 
which  may  be  much  reduced  io  size  and  altered  in  form.  In  the  hip- 
joint,  for  instance,  in  a  case  recorded  by  Charcot,  the  edges  of  the 
acetabulum  had  been  removed,  and  the  whole  of  the  head  of  the  femur 
and  most  of  the  trochanter  had  disappeared  (Fig.  180). 

Similar  changes  have  been  found  in  most  of  the  larger  joints.  In 
the  bones  the  compact  tissue  has  been  found  thinner  and  more  porous 
than  normal.  At  the  seat  of  old  fractures  a  large  amount  of  bony 
callus  is  formed  (Fig.  130),  and  sometimes  new  bone  is  found  in  the 
capsule  of  joints  that  have  been  injured. 

PATHOLoaY. — The  great  fact  of  the  pathology  of  tabes  is  that  it  if 
a  neural  degeneration  in  the  sensory  nervous  system,  peripheral  and 
central.  In  both  peripheral  nerves  and  spinal  cord,  the  incidence  of 
the  disease  is  almost  exclusively  on  the  structures  concerned  in  afferent 
conduction.  The  cerebral  system  suffers  in  far  less  degree  than  the 
spinal,  and  in  more  irregular  manner,  but  in  the  occasional  peripheral 
degeneration  of  the  optic  nerve,  and  the  central  changes  in  the  roots 
of  the  fifth,  we  may  trace  the  same  law  of  distribution.  It  is  less 
dominant,  however,  than  in  the  spinal  system,  since  some  of  the 
cranial  nerve  symptoms  are  exclusively  motor.  The  motor  character 
of  the  leading  symptom,  ataxy,  is,  as  we  shall  see,  only  an  apparent 
and  not  a  real  exception  to  the  general  sensory  character  of  the 
malady. 

The  degeneration  commences  in  the  nerve-elements  themselves; 
the  overgrowth  of  connective  tissue,  which  gives  to  the  lesion  ite 
obtrn<;ivo  character,  is  secondary.    This  fact  has  been  observed  in 
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fhe  peripliTal  nerves ;  as  regards  the  spinal  cord  it  rests  on  inf erenoe 
searcelj  less  certain.  That  it  is  true  of  the  spinal  oord  has,  indeed, 
been  doubted,  chiefly  on  the  ground  of  the  thickening  of  the  walls  of 
the  vessels  seen  in  some  cases,  and  the  manner  in  which  the  increase  of 
tissue  seems  to  start  from  them.  But  the  '*  system  "  character  of  a 
disease,  the  limitation  of  a  wide-spread  lesion  in  its  early  stage  or  slight 
degree  to  structures  having  a  common  function,  is  probably  in  all 
cases  proof  of  its  neural  origin,  i.  e.  its  origin  in  the  nerve-elements 
themselves.  In  tabes  the  disease  of  the  peripheral  nerves  depends  on 
decay  of  the  fibres,  and  the  partial  character  of  the  sensory  loss 
indicates  the  limitation  of  the  chief  lesion  to  fibres  of  one  sensory 
function.  There  is  eveiy  gradation,  moreover,  between  the  cases  iu 
which  the  interstitial  and  perivascular  disease  is  considerable,  and 
those  in  which  it  is  so  slight  that  there  is  nothing  to  suggest  a  primary 
interstitial  process  The  change  in  the  vessels  may  reach  a  high  degree 
in  the  posterior  median  columns  when .  their  degeneration  is  purely 
secondary,  and  certainly  commences  in  the  nc.ve-fibres,  being  the 
result  of  a  focal  lesion ;  a  similar  thickening  of  the  vessels  has  also 
been  met  with  in  secondary  degenerations  in  other  parts.  It  is  most 
important  to  remember  that  the  overgrowth  of  the  neuroglia  is  a 
pathological  process  of  growth  distinguishable  (and  to  a  large  extent 
distmct)  from  the  degeneration  of  the  nerve-fibres  that  excites  it.  It 
may  vary  in  degree  in  different  cases,  and,  even  in  the  secondary 
degeneration  of  peripheral  nerves,  may  assume  an  independent  energy 
and  even  present  an  inflammatory  character.  Once  excited,  the  process 
of  tissue-growth  may  be  largely  independent  of  its  cause.  Secondary 
vascular  disturbance  ^nay  attend  it,  and  thus  a  sub-inflammatory  con* 
dition  (or  even  a  true  inflammatory  condition)  is  probably  sometimes 
developed ;  it  may  invade  the  pia  mater,  and  through  this  may  spread 
widely. 

The  chief  causal  fact  regarding  the  disease  is  its  common  relation 
to  syphilis.  Tabes  is  generally,  although  possibly  not  invariably,  a 
post-syphilitic  disease ;  certain  elements  of  the  nervous  system 
degenerate  in  consequence  of  the  influence  on  them  of  previous 
syphilis.  There  may  be  indeed,  present  and  active  syphilis,  but, 
generally  the  active  stage  of  the  disease  is  over.  Syphilis  is  often  a 
prolonged  malady,  in  which  the  results  of  its  earlier  activity  sometimes 
coincide  with  its  later  specific  effect.  The  elements  that  suffer  have 
some  special  liability  to  degeneration,  their  nutrition  may  fail  from 
other  causes,  but  they  seem  to  possess  a  special  susceptibility  to  the 
influence  of  syphilis.  The  usual  symmetry  of  tabetic  lesions  indicates 
that  the  mechanism  by  which  syphilis  affects  the  nervous  system  is  a 
blood-state.  The  manner  in  which  the  peripheral  nerves  suffer  in 
many  cases,  brings  tabes,  in  spite  of  its  chronicity,  into  analogy  with 
the  more  acute  forms  of  peripheral  neuritis,  such  as  are  due  to  toxic 
agents,  sometimes  the  result  of  acute  specific  diseases.  The  long 
interval  which  elapsc^s  between  syphilis  and  tabes  and  the  common 
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slowness  of  tbe  tabetic  process  are  oolj  in  pit>portiofli  to  the 
chronicity  of  the  causal  malady,  oompai^d  with  the  acate  speeifio 
diseases  that  have  neuritic  sequelse  Further,  the  eonsidoraiioiis 
mentioned  in  the  account  of  multiple  neuritis,  which  suggest  that  its 
immediate  cause,  when  it  is  due  to  an  acute  blood  disease,  is  a  product 
of  the  growth  of  the  organisms  of  the  primary  malady,  rather  than 
the  organisms  themselves,  hold  good  also  in  the  case  of  syphilis  and 
tabes.  The  degenerative  changes  in  the  nervous  system  differ  from 
the  lesions  of  active  syphilis,  both  in  character  and  in  time,  in  such  a 
way  as  to  make  the  assumption  reasonable  that  they  depend  upon 
some  product  of  the  growth  of  the  syphilitic  organisms,  a  product 
which  is  probably  a  chemical  toxine,  a  suggestion  first  made  by 
Striimpell,  and  widely  held  regarding  other  analogous  maladies.  Becent 
research  is  bringing  into  ever  greater  prominence  the  important  part 
played  by  such  products  in  the  generation  and  course  of  diseases.  In 
the  specific  diseases  that  have  these  sequeled,  there  may  be  more  than 
one  such  product  of  their  organisms,  causing  more  than  one  kind  of 
consequence.  The  differences  between  such  nerve  degenerations  as 
those  of  tabes,  and  other  late  effects  of  sjrphilis,  is  at  least  not  difficult 
to  compr^end  on  this  hypothesis;  neither  is  the  ta/st — ^which  has 
been  so  great  a  difficulty  to  many — that  the  treatment  which  has  so 
speedy  an  effect  on  syphilis  itself,  is  generally  without  influenoe  on  the 
degenerative  processes  that  sometimes  follow  it. 

Tabes  is  probably  a  rare  sequel,  when  regarded  from  the  side  of 
syphilis.  But  the  occurrence  of  such  consequences  in  some  instances 
and  not  in  others  has  analogies  in  the  case  of  almost  all  the  acute 
specific  diseases  that  have  similar  sequelie,  and  must  be  taken  as 
evidence  of  variations  in  the  precise  character  of  the  primaiy  diBcase. 
The  virus  of  syphilis  is  doubtless  organismal ;  this  has  not»  indeed, 
been  demonstrated,  but  the  analogy  it  presents  with  other  specific 
diseases  precludes  doubt  on  the  subject.  Similar  variations  in  the 
sequelse  are  familiar  to  us  in  the  case  of  other  diseases.  They  some- 
times have,  and  at  other  times  have  not,  consecutive  effects  upon  the 
nervous  system,  as  in  the  familiar  instance  of  diphtheria.  Diph- 
theritic paralysis  is  a  result  of  tbe  disease,  most  irregular  in  occurrence 
and  degree.  But  it  deserves  note  that  its  dependence  on  a  chemical 
toxin,  the  indirect  result  of  the  organisms,  has  been  conclusively 
proved  by  Sidney  Martin.  The  significance  of  the  fact  is  the  greater, 
inasmuch  as  its  effects  sometimes  closely  resemble  the  symptoms  of 
tabes. 

These  considerations  receive  a  notable  emphasis  from  the  occur- 
rence of  tabes  in  children  who  are  the  subjects  of  inherited  syphilis, 
to  whom  the  disease  in  early  life  is  probably  confined.  It  has  been 
present  in  all  the  cases  that  have  come  under  my  notice.  But  the 
sequel  differs  much  from  those  that  are  related  to  other  diseases. 
Its  occurrence  is  quite  independent  of  the  thoroughness  of  treatment 
of  the  primary  disease. 
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The  pathological  facts  ajreadj  known  enable  us  to  understand  nuuaj 
of  the  symptoms  of  the  disease.  There  may  be  an  intenxtption  of  the 
sensoiT  path  in  one  or  both  of  two  places,  in  the  peripheral  nerves, 
and  in  the  posterior  root-fibres  as  they  enter  the  cord,  and  an  inter^ 
ruption  of  llie  fibres  in  either  place  will  explain  the  loss  of  sensibility 
which  is  so  frequently  present.  The  pains  may  most  reasonably  be 
ascribed  to  the  molecular  changes  in  the  peripheral  nerve-fibres.  The 
intensity  of  a  sensation  is  no  measure  of  that  of  the  process  that  causes 
it.  Whether  the  affection  of  the  cells  of  the  posterior  ganglia,  or  of 
the  posterior  comua  of  the  cord  *  takes  part  in  the  production  of  the 
symptoms  we  cannot  tell.  These  cells  are  the  nutritionail  centres  of 
the  sensory  "  neurons,'*  within  the  influence  of  which  are  the  struc- 
tures that  degenerate.  It  is  noteworthy  that  the  affection  of  the 
peripheral  nerves  must  involve  the  structures  by  which  the  nerve- 
impulses  of  sensation  are  normally  generated  by  mechanical  and 
other  processes.  The  long  persistence  of  pains  without  any  increase 
in  the  symptoms,  shows  that  they  may  be  due  to  the  action  of 
structures  that  are  changed,  but  not  changing.  The  loss  of  reflex 
action  from  the  skin  is  explained  by  the  interruption  of  the  sensory 
path,  and  an  increased  irritability  of  the  sensory  nerves,  the  result  of 
even  slight  degenerative  changes,  sufBciently  explains  both  the  hyper- 
flBsthesia  and  the  increase  of  reflex  action  sometimes  observed. 

Whatever  theory  of  the  nature  of  the  so-called  "tendon-reflex'' 
action  is  held,  the  loss  of  the  knee-jerk  must  be  explained  by  an 
interruption  of  the  sensory  path.  On  the  theory  I  have  advanced^ 
the  Bxrest  of  impressions  from  the  afferent  muscular  nerves  abolishes 
the  muscle-reflex  action  on  which  the  local  irritability  depends  (see 
p  25).  Many  other  facts  of  disease  show  that  this  irritability  is 
easily  lost,  and  that  a  very  slight  change  in  any  part  of  the  reflex 
arc,  too  slight  to  cause  other  symptoms,  is  sujQScient  to  arrest  the  knee- 
jerk.f  Hence  we  can  understand  that  this  loss  should  be  constant 
and  early.  It  is  not  improbable,  moreover,  that  these  nerves  suffer  in 
special  degree.  The  muscles  may  be  insensitive  to  pain,  s.  g.  that  of 
electrical  stimulation  Pressure  and  extension,  which  in  health  are 
painful,  sometimes  cause  no  sensation,  even  when  the  skin  is  sen- 
sitive. 

The  mechanism  of  the  muscular  inco-ordination,  which  is  the 
obtrusive  symptom  of  the  disease,  has  been  the  subject  of  much  dis- 
cussion. Two  fundamental  facts,  however,  limit  the  problem.  First, 
the  ataxy  cannot  be  primarily  due  to  the  loss  of  cutaneous  sensibilil^. 

*  In  ditease  of  the  nerve-roots  of  the  Cauda  equina  there  it  always  eeoondiaf^ 
degeneration  of  the  posterior  median  colamn%  bat  not  of  the  antero-latoral  aeoend- 
ing  traot.  Hence  the  root-ftbree  from  which  the  path  it  oontiaaed  by  this  tract 
most  eud  in  nerre-oeUe  in  the  posterioi  oomua,  and  the  degeneration  of  this  tract 
In  tabee  b  proof  of  the  degeneration  of  these  senaoij  oelli.  See  the  '  Xjancet»' 
June  19tb.  1886. 

t  S.ff.  iU  lose  after  diphtheria  wlian  there  are  no  other  tymptomsb 
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Disease  of  the  conducting  path  in  the  oord  may  oaxue  absolute 
anaesthesia  of  the  skin  without  the  least  ataxy.  Although  this  does 
not  prove  that  interruption  of  the  sensory  path  in  the  nerves,  between 
the  skin  and  the  reflex  centres,  noiay  not  cause  inoo-ordination,  this 
element  seems  to  be  excluded  by  the  fact  that  there  is  no  relation 
between  the  ataxy  and  the  loss  of  feeling  in  the  skin.  There  may  be, 
in  tabes,  much  ataxy  without  any  cutaneous  ansBsthesia,  and  tnee 
versd.  The  second  fact  is  that  ataxy  may  exist  in  considerable  degree 
when  the  lesion  is  solely  one  of  the  peripheral  nerves,  or  nerve-roots, 
and  the  posterior  columns  of  the  cord  are  free  from  disease.*  These 
two  facts,  taken  together,  seem  to  show  that  the  ataxy  may  be  pro- 
duced by  one  mechanism,  even  operating  alone,  the  disease  of  the 
afferent  musde-nerves.  If  the  loss  of  the  knee-jerk  in  tabes  is  to 
be  taken,  as  I  believe  it  may,  as  an  indication  of  the  disease  of  these 
nerves,  the  constancy  of  the  loss  shows  the  constancy  of  the  presence . 
of  this  element,  in  some  degree.  As  just  stated,  a  very  slight  degree 
of  disease  may  abolish  the  knee-jerk ;  it  is  probable  that  a  greater 
degree  is  needed  to  cause  inco-ordination,  and  a  still  greater  change  to 
produce  actual  insensibility  to  pressure  or  extension. 

In  unilateral  lesions  of  the  spinal  cord,  as  we  have  already  seen 
(p.  272),  there  may  be  loss  of  the  sense  of  posture,  with  intact  cutaneous 
sensibility,  on  the  side  of  the  lesion,  and  no  loss  of  this  sense  on  the 
opposite  side,  on  which  cutaneous  sensibility  is  lost  In  such  a  case 
marked  ataxy  has  been  observed  on  the  side  on  which  the  sense  of 
posture  was  lost,  when  motor  power  retumed.t  Whatever  effect  in 
causing  ataxy  is  produced  by  disease  of  the  path  of  muscular  sensi- 
bility in  the  spinal  cord  must  also  be  produced  by  interruption  of  the 
path  between  the  muscles  and  the  cord.  The  latter  must  also  arrest 
whatever  reflex  action  depends  upon  these  musclo-nerves,^  and  it  is 
possible  that  such  reflex  action  takes  some  part  in  the  mecJianimn  of 
muscular  co-ordination. 

In  this  connection  it  is  important  to  note  that  the  flfares  t&at  pass 
up  by  the  posterior  median  columns  seem  to  constitute  the  path  from 
these  nerves.    The  root-fibres  to  the  colunms  pass  up,  as  the  path  is 

*  Apart  from  the  eyidence  of  this  from  oases  of  eharsoteiistie  taboa,  m  vnj 
auatruotiTe  oaao  has  been  recorded  by  Dr.  Hn^bea  Bennett,  in  which  aU  the  sym- 
ptoms of  tabes  were  present  in  a  caw  of  multiple  tamoara  of  tho  poeterior  nerre- 
roots  (*  Clinical  800.  Transactions*  voL  xviii). .  Ataxy  hat  also  resulted  from  other 
processes,  such  as  injury,  that  have  oaused  eztensive  damage  to  the  posterior  roots 
alone. 

t  Gilbert  I  see  foot-note,  p.  272. 

}  In  a  case  in  which  the  iiico- ordination  was  mnoh  greater  la  the  right  leg  than 
in  the  left,  and  cutaneous  sensibilitj  waa  equally  impaired  in  the  iwOb  a  strong  trac- 
tion on  the  calf  muscles,  bj  forcible  pasaiTe  flexion  of  tho  foot,  produced  a  distinet 
sensation  in  the  extended  muscles  of  the  left  leg,  and  no  sensation  in  those  of  the 
right.  In  another  cuse,  in  which  the  skin  was  ionsitivo  to  the  sliKhtest  tooeh,  the 
patient  was  unconscious  of  a  yigorous  extension  of  the  toes  produced  b/  farMlie 
stimulation  of  their  short  extensor. 
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proved  to  do,  without  decussating,  and  they  maj  be  diseased  in  intense 
degree  when  there  is  no  loss  of  cutaneous  sensibility.*  This  tract 
is  affected  in  almost  all  cases  of  tabes  in  which  there  is  a  lesion  in 
the  cord,  and  in  all  such  cases  in  which  there  is  ataxy.  This  fact 
suggests  that  the  lesion  is  first  and  chiefly  of  the  nerve-fibres  from  the 
muscles,  t 

The  posterior  median  columns  (extensively,  connected  with  the  cere- 
bellum) and  the  direct  cerebellar  tract,  probably  conduct  to  the  cere- 
bellum the  impressions  from  the  sensory  muscle-nerves.  If  so,  the 
disease  of  these  tracts  and  nerves  must  interfere  with  the  co-ordinating 
action  of  the  cerebellum,  and  cause  some  part  of  the  loss  of  function 
which  results  from  disease  of  the  cerebellum  itself. 

There  is  another  mechanism  which  may  co-operate  in  increasing 
ata^.  The  vertical  fibres  of  the  postero-extemal  column  have  only 
a  short  course,  and  some  probably  connect  the  posterior  grey  matter 
at  adjacent  levels.  The  affection  of  these  fibres  seems  to  be  proved  by 
the  fact  that  the  comma-shaped  bundle  of  fibres  in  the  front  of  the 
postero-extemal  column  may  be  specially  degenerated.  This  lesion 
may  impair  the  association  of  the  sense  17  structures,  and  so  cause  a 
want  of  harmony  in  the  central  mechanism.  The  theory  that  the 
ataxy  was  due  to  such  a  mechanism  was  advanced  by  Todd  in  1847. 
It  is  not  probable  that,  if  effective,  it  has  more  than  an  intensifying 
influence,  since  ataxy  may  exist  when  the  posterior  columns  are 
throughout  imaffected.  The  discovery  that  ataxy  may  result  from 
alcoholic  peripheral  neuritis  confirms  the  view  of  its  origin  above 
stated. 

Although  cutaneous  anaesthesia  cannot  alone  produce  ataxy,  it  may 
reasonably  be  assumed  to  increase  that  which  already  exists.  Sensa- 
tions from  the  skin  furnish  important  guidance  to  the  motor  cerebral 
centres,  and  are  probably  also  concerned  in  such  reflex  muscular  actions 
as  that  of  standing.  Similar  guidance  to  the  cerebral  co-ordinating 
centres  is  also  afforded  by  visual  impressions,  the  loss  of  which  distinctly 
augments  the  defect  of  co-ordination.  The  varying  characters  oi  the 
ataxy  in  different  cases  probably  depend  on  the  local  variations  in  the 
degree  of  change  in  the  muscle-nerves.  The  special  effect  of  the 
disease  of  other  elements  of  the  cord,  related  to  the  posterior  roots 
(as  the  posterior  vesicular  column,  Clarke's  column),  has  still  to  be 
ascertained. 

It  is  probable  that  co-ordination  is  chiefly  an  automatic  prooess 
depending  partly  on  muscle-reflex  actions,  and  on  the  connection  of 
neighbouring  sensory  structures  in  the  spinal  cord,  but  chiefly  on  the 
fund  on  of  the  cerebellum,  determined   by   the  connection  of  the 

*  Tins  posterior  tract  is  most  diseased  on  the  side  opposite  to  that  on  which  there 
is  most  dfgeueration  of  the  antero-Iateral  ascending  tract. 

t  The  opinion  that  the  ataxy  depends  on  impairment  of  the  mnsealar  senw  wm 
pot  forward  in  1855  hy  Dr.  Rassell  Reynolds ;  see  p.  446«  Dejerine  has  also  mso* 
ciated  the  ataxy  with  the  degeneration  of  the  peripheral  teniory  moaoU-nenres 
('Archives  de  Fhyslologie/  8rd  series,  vol.  iii,  p.  231)« 
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muscles  with  it,  and  that  the  interruptioa  of  this  ecnmection  is  the 
chief  element  in  the  inco-ordiuation  of  locomotor  ataxy.  It  is  probable 
also  that  the  automatic  processes  are  in  part  under  cerebral  oontrol, 
guided  by  sensory  impressions  which  do  not  enter  the  sphere  of 
consciousness,  and  that  the  derangement  of  this  control  will  intensify 
inco-ordination,  though  incapable  of  producing  it.  We  do  not  at 
present  know  to  what  extent^  in  any  given  case,  the  symptoms  ai6  due 
to  the  cord  disease  or  to  the  peripheral  nerve  lesions.  Apparently 
pains,  ataxy,  and  anaesthesia  may  be  due  to  either.  The  question  can 
only  be  decided  by  the  comparison  of  symptoms  and  pathological 
changes  in  a  large  number  of  cases.  That  anaesthesia  may  be  diie  to 
the  peripheral  changes  is  proved  by  the  observed  correspondence  of  the 
two  in  distribution  (Dejeriue). 

The  1aK>phic  changes  in  the  skin,  bones,  and  joints  are  probably  dne 
to  the  process  of  degeneration  in  the  peripheral  nerves.  The  degenen* 
tion  has  been  found  in  all  cases  of  the  kind  in  which  it  has  been  looked 
for,  and  found  ako  in  the  nerves  of  diseased  joints.  The  pathology  of 
the  muscular  wasting  has  been  already  mentioned. 

The  pains  in  the  region  of  the  fifth  nerve  are  explained  by  the  lesions 
in  it  root,  especially  in  its  ascending  root,  which,  coming  up  from  the 
medulla,  is  homologous  with  the  posterior  spinal  roots.  This  nerva» 
indeed,  as  Pierrot  has  pointed  out,  represents  the  sensory  roots  ci 
almost  all  the  motor  cranial  nerves.  The  degeneration  of  the  optio 
nerve  is  fairly  comparable  with  that  of  the  peripheral  spinal  nerves. 
Considering  the  special  character  of  the  optic  nerve*  the  absence  <^ 
degeneration  of  the  retina  does  not  seem  to  destroy  the  analogy 
between  the  two.  Eegarding  the  pathology  ol  the  visceral  crises  we 
know  but  little. 

The  transient  motor  symptoms  in  the  limbs,  snd  in  the  eyeball 
muscles,  are  apparently  of  functional  origin.  They  must  be  distin* 
guished  from  the  lasting  palsies,  which  are  probably  due  to  degene- 
rative processes  in  the  nerves  or  nuclei.  Such  transient  paralysis 
may  precede  enduring  paralysis  due  to  nuclear  degeneration.  The 
loss  of  fimction  of  the  internal  ocular  muscles,  being  persistent,  must 
be  ascribed  to  degeneration  of  the  related  centres.  But  even  the 
light-reflex  may  return  ^in  rare  oases)  after  it  has  been  absent  for 
years,  and  its  loss  must  therefore  depend,  at  least  sometimes,  on 
molecular  changes  capable  of  recovery.  It  is,  indeed,  important  to 
remember  that  tabes  is  a  disease  which  begins  as  a  derangement  of 
molecular  nutrition,  which  is  probably  only  to  be  discerned  when 
relatively  great  in  its  degree.  If  we  also  remember  that  this  derange- 
ment is  the  result  of  some  toxic  material  or  virus  circulating  in  the 
blood,  we  can  understand  better  the  leading  facts  of  the  disease,  and 
especially  the  variations  in  its  course,  its  degree^  and  the  precise 
character  of  the  symptoms. 

Diagnosis. — The  diagnosis  of  tabes  rests  on  the  combination  of 
symptoms  already  described.   In  the  early  stage,  the  loss  of  the  i 
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jerk,  together  with  pains,  or  unsteadineBB  on  Btajiding  with  the  feet 
together  and  the  ejeB  dosed,  justifies  a  diagnosis  of  the  commencing 
affection,  provided  we  can  exclude  toxic  peripheral  neuritis  (especiallj 
that  due  to  alcohol),  diabetes,  and  diphtheritic  palsj.  A  lesion  of  the 
anterior  comua  or  nerve-roots  is  excluded  by  the  absence  of  wasting  of 
the  xnusdes  or  change  in  their  irritability.  The  diagnostic  value  of 
the  loss  of  the  knee-jerk  can  hardly  be  overrated.  It  is  probably  never 
absent  in  health.  If  there  is  doubt  as  to  its  loss,  the  precautions 
recommended  on  p.  21  should  be  adopted.  When  it  is  lost,  and  reflex 
action  is  in  excess,  a  true  reflex  movement  may  sometimes  simulate 
the  jerk ;  the  distinction  is  that  the  tap  sometimes  causes  a  movement 
and  sometimes  does  not;  that  an  interval,  brief  but  appreciable, 
elapses  before  the  movement  occurs;  that  a  similar  movement  is 
caused  by  a  prick  on  the  skin,  and  that  the  delayed  contraction  some- 
times occurs  in  the  other  leg,  or  in  the  adductors  of  both  legs.*  In 
cases  in  which  the  knee-jerk  is  present,  the  diagnosis  of  tabes  is  only 
justified  by  distinct  and  characteristic  inco-ordination.  In  the  few 
cases  of  this  kind  that  have  come  under  my  own  observation,  the  knee- 
jerk  has  been  either  imequal  on  the  two  sides,  or  has  been  lost  on  one. 
Such  abnormality  is  probably  the  rule  in  these  cases,  and  the  diagnosis 
is  thus  facilitated.  In  a  case  with  lightning  pains,  but  neither  inco- 
ordination nor  loss  of  knee-jerk,  a  suspicion  of  tabes  would  be  justified 
by  the  presence  of  some  other  symptom,  such  as  retention  or  incon* 
tinemce  of  urine,  loss  of  sexual  power,  or  loss  of  the  iris-reflex.  As  we 
have  seen,  it  is  probable  that  cases  occur  in  which  these  pains  exist 
alone, — a  condition  that  may  be  termed  "  tabetic  neuralgia.'' 

The  loss  of  the  iris-reflex  is  of  great  diagnostic  importance.  It 
shows  that  a  degenerative  process  is  at  work  in  the  nervous  system, 
and  it  suggests,  therefore,  that  other  symptoms  are  also  due  to  de- 
generation. But  since  the  iris-reflex  is  not  always  lost  in  tabes,  the 
negative  significance  of  a  normal  reflex  is  far  less  than  is  the  positive 
significance  of  its  loss.  The  practical  value  of  this  symptom  can 
hardly  be  overrated.  It  puts  ^e  observer,  so  to  speak,  on  the  track 
of  nerve  degeneration.  Its  loss  is,  moreover,  so  often  due  to  preceding 
syphilis,  that  it  should  always  suggest  this  antecedent. 

There  are  certain  diseases  with  which  tabes  is  especially  liable  to 
be  confounded.  One  of  these  is  multiple  alcoholic  neuritis.  The 
ordinary  form  of  this  disease  is  readily  distinguished  by  the  symme- 
trical paralysis  which  is  its  chief  numifestation.  But  the  variety 
which  closely  resembles  locomotor  ataxy  is  the  '*  alcoholic  pseudo- 
tabes" (p.  159),  in  which  the  diagnosis  may  be  very  difficult.  This 
is  not  surprising,  because  it  resembles  tabes  pathologically ;  the  lesion 
is  a  "pajenchymatous  neuritis,"  a  subacute  degeneration,  beginning 
in  the  nerve-fibres,  and  similar  to  the  peripheral  form  of  tabes.     It 

*  It  b  impotdble  to  exaggerate  the  difficulty  preeented  bj  ^ome  letientain  aecer- 
tunlog  whether  ihe  knee-jerk  b  or  is  not  lo^t,  and  the  care  needed.  Repeated 
obserrationt  are  desirable  in  doobtfnl  cases. 
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often  affects,  however,  in  some  degree,  the  motor  as  wall  as  the  seh- 
sory  nerves,  and  there  is  then  some  weakness  in  the  distal  portions  of 
the  limbs.  An  altered  electrical  reaction  maj  be  found  in  Uie  muscles 
(never  in  the  weakness  sometimes  met  with  in  early  tabes),  and  thera 
is  generally  marked  muscular  tenderness,  scarcely  ever  present  in 
tabes.  The  pains  have  not  the  "lightning"  character,  and  the 
sphincters  escape.  The  pupils  act  normally,  but  this  is  not  an  abso- 
lute distinction,  since  they  may  be  unaffected  in  tabes.  A  history  of 
alcoholism  may  help  the  diagnosis,  and  so  may  improvement  when 
alcohol  is  withdrawn.  By  attention  to  all  these  points,  a  diagnosis 
can  generally  be  made  without  much  difficulty. 

When  the  symptoms  and  lesion  of  tabes  are  combined  with  those 
of  general  paralysis  of  the  insane,  it  may  be  doubtful  in  which  cate- 
gory a  case  should  be  placed.  The  question  is  rather  one  of  the  pre- 
ponderance of  the  symptoms  of  one  or  the  other  malady  than  of 
absolute  distinction  between  them.  In  most  cases,  however,  in  which 
this  combination  exists,  the  symptoms  of  general  paralysis  become 
more  pronounced  as  time  goes  on,  and  the  spinal  symptoms,  which  at 
first  were  the  most  conspicuous,  pass  into  the  background. 

All  common  forms  of  paraplegia  are  distinguished  by  the  early 
loss  of  power,  and  by  the  persistence  of  the  knee-jerk,  otUai 
emphasised  by  its  excess  and  by  the  occurrence  of  a  clonus  in  the 
extended  rectus  or  calf  muscles.  If  weakness  supervenes  in  tabes,  it 
is  usually  late  in  the  course  of  the  disease,  and  the  other  symptoms 
have  been  and  are  well  marked.  If  the  knee-jerk  has  been  once 
lost  in  this  disease,  it  is  not  reproduced  by  secondary  lesions  of 
the  cord  which  ordinarily  increase  the  knee-jerk.*  The  same  distino- 
tious  usually  suffice  for  the  diagnosis  from  the  combined  form  of 
paralysis  and  inco-ordination  that  I  have  termed  '*  ataxic  paraplegia.** 
In  this  the  knee-jerk  is  excessive,  and  there  is  foot-clonus,  while  pains 
and  ansBsthcsia  are  abccnt ;  spasm  supersedes  ataxy.  In  other  forms 
of  combined  disease  of  the  cord  the  diagnosis  depends  chiefly  on  the 
recognition  of  union. 

Acute  lesions  of  the  cord,  probably  situated  in  the  postero-extemal 
column,  may  produce  inco-ordination  and  pain,  but  the  suddenness  of 
the  onset,  the  limitation  of  the  symptoms,  and  their  tendency  to  sub- 
side, usually  suffice  for  the  distinction.  Symptoms  from  this  cause 
are  far  more  common  in  the  arms  than  in  the  legs.  Ataxy  in  one 
limb  may  also  be  produced  by  a  tumour  growing  in  the  posterior 
column,  but  other  symptoms  indicate  the  invasion  of  adjacent  struc- 
tures, as  was  conspicuous  in  the  case  figured  in  the  chapter  on 
tumours  of  the  cord.  All  these  cases  present  the  characteristics  of 
a  focal  les^ion  with  random  consequences,  rather  than  of  a  system 
disease  witli  limitation  to  a  special  function. 

The  loss  of  perception  of  pain,  with  preserved  tactile  sensibililj, 

*  See,  however,  an  ezoeption  to  Uub,  referred  to  oo  p.  465.    Tbt  peper  vitevei 

to  montaons  oihers. 
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when  it  involTes  the  hands,  may  arouse  a  suspicion  of  syringomyelia. 
But  the  loss  of  the  knee-jerk  in  tabes,  and  the  absence  of  the  momen- 
tary pains  in  syringomyelia,  will  enable  a  correct  diagnosis  to  be  made 
even  without  oorroboratire  symptoms. 

In  diphtheritic  paralysis  occurring  long  after  the  sore  throat,  or  in 
which  the  nature  of  this  was  not  recognised,  the  loss  of  the  knee-jerk 
may  cause  tabes  to  be  suspected ;  but  the  nature  of  the  case  is  almost 
always  rendered  clear  by  the  paralysis  of  accommodation  and  of  the 
palate  which  precedes  the  ataxy,  and  should  be  suggested  by  the 
.''.bsence  of  pains  and  the  presence  of  weakness.  If  true  tabes  follows 
diphtheria,  with  lasting  ataxy,  it  is  so  rare  as  to  be  of  little  practical 
importance. 

When  the  dorsal  region  of  the  cord  is  chiefly  affected,  the  severity 
of  the  pains  in  the  trunk  may  lead  to  a  suspicion  of  disease  of  the 
Tertebral  bones,  but  in  the  latter  the  pain  is  local  and  fixed,  and  this, 
with  the  characteristic  increase  of  pain  when  the  patient  moTOS,  should 
prerent  error.  It  is  still  more  frequent  to  mistake  such  cases  for 
neoialgia  of  the  intercostal  nerres,  but  even  if  there  are  no  pains  in 
the  legs  to  suggest  tabes,  the  knee-jerk  and  the  light-reflex  of  the  iris 
are  lost  in  tabes.  Experience  shows  that  the  most  fre<juent  errors  in 
diagnosis  are  due  to  a  mistake  as  to  the  nature  of  the  pains,  which 
are  mistaken  for  rheumatism,  especially  when  influenced  by  weather, 
or  for  sciatica  when  referred  to  the  region  of  the  sciatic  nerre,  or  for 
some  form  of  gout  if  the  disease  exists  in  the  patient  or  his  family,  or 
in  the  mind  of  the  physician.*  In  the  rare  cases  in  which  the  cranial 
nerres  are  disordered  and  pains  are  felt  in  the  head,  the  symptoms 
may  be  mistaken  for  trigeminal  neuralgia.  The  obscurity  of  the 
symptoms  may  be  increased  in  such  cases  by  a  sense  of  painful  con- 
striction in  the  face,  analogous  to  the  girdle-pain  felt  around  the 
trunk  (see  p.  458). 

The  only  organic  intra-cranial  disease  that  may  be  taken  for  tabes 
IS  tumour  of  the  cerebellum.  In  some  cases  of  tabes  the  imsteadiness 
resembles  that  of  cerebellar  origin.  Loss  of  the  knee-jerk  is  strongly 
in  ftiYOur  of  tabes ;  in  cerebellar  timiour  increase  of  the  jerk  is  the 
rule,  and  loss  is  only  to  be  regarded  as  not  absolutely  incompatible. 
AnsBsthesia  and  lightning  pains  are  condusiTe  evidence  of  the  spinal 
disorder,  while  in  cerebellar  tumour  severe  occipital  headache  is  almost 
invariable,  and  considerable  optic  neuritis  is  extremely  common.  Optic 
nerve  atrophy  is  primary  in  tabes,  post-neuritic  in  tumour. 

The  various  visceral  crises  are  often  mistaken  for  primary  disorders 
of  the  deranged  organs.  Becurring  attacks  of  the  character  described 
should  always  arouse  suspicion  of  their  possibly  tabetic  nature,  and  an 
examination  of  the  knee-jerk  will  usually  decide  the  point. 

*  In  one  esse,  in  which  Ubetio  trunk-pain  wss  chiefly  felt  at  the  level  of  the 
eplgAstrinm,  a  physioian  of  repate  not  only  made  a  diagrnosls  of  gattrle  gout,  but 
ref'uied  to  modify  his  opinion  when  loai  of  the  knee-jerk  was  discovered,  and  the 
patient  became  nntteady  in  gait. 
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Pboonosis. — The  prognosiB  in  tabes  corresponds  with  the  facts 
stated  as  to  the  course  of  the  disease.  It  does  not,  as  was  ones 
thought,  deserve  the  epithet  "  progreBdive,"  given  to  it  before  the  pre- 
ataxic  stage  was  known  and  before  the  disease  had  been  widelj 
observed.  Arrest  is  frequent,  and  considerable  improvement  is  not 
rare.  The  earlier  the  stage  of  the  disease  the  better  is  the  prognosis. 
In  the  first  stage  the  disease  often  becomes  stationary.  When  ataxj 
is  developed  the  prospect  of  arrest  is  less  than  in  the  first  stage,  but  is 
still  considerable.  Occasionally,  even  in  the  typical  form  of  the  disease, 
the  amount  of  improvement  is  very  great.  One  patient  was  scarcely 
able  to  walk  across  the  room,  in  consequence  of  the  inco-ordination, 
when  he  came  imder  treatment,  and  at  the  end  of  six  months  his  gait 
was  scarcely  distinguishable  from  that  of  a  healthy  person.  When 
the  third  stage  is  reached  the  possibility  of  improvement  is  far  less, 
but  is  not  quite  absent.  A  woman  suffering  from  pure  tabes,  when 
admitted  to  hospital,  had  been  unable  even  to  stand  for  six  months,  on 
account  of  the  extreme  ataxy ;  but  she  improved  so  much  that  in  a  few 
months  she  was  able  to  walk  about  the  room  without  help,  and  has  con- 
tinued, now  for  six  years,  to  do  her  household  work  without  difiiculty, 
and  even  to  walk  some  miles  with  the  aid  of  a  stick.  On  the  other  hand, 
in  some  cases  the  malady  increases  in  spite  of  eveiy  effort,  and  even 
when  there  is  permanent  arrest  or  improvement  it  is  rare  for  all 
symptoms  to  disappear.  The  knee-jerk  generally  remains  absent,  and 
often  attacks  of  pain  continue  to  occur.  It  is  difficult  to  find  any 
trustworthy  indications  to  guide  the  prognosis  in  an  individual  case. 
The  fact  of  preceding  syphilis  has  little  influence  on  the  prognosis. 
Only  when  the  symptoms  have  developed  rapidly  and  the  ^philis  is 
recent  is  there  any  possibility  of  benefit  from  antisyphilitic  treatment 
In  all  cases,  however,  in  which  the  onset  of  symptoms  is  acute  there  is 
more  prospect  that  they  will  pass  away  than  if  they  develop  slowly. 
In  most  cases  the  only  trustworthy  guide  to  prognosis  is  the  observed 
tendency  of  the  individual  case. 

Of  special  symptoms,  the  pains  are  often  the  most  distressing,  and 
unfortunately  they  are  the  most  obstinate  symptom  of  the  disease. 
They  may  persist  in  undiminished  severity  when  other  symptoms 
lessen ;  and,  on  the  other  hand,  they  may  become  trifiing  when  Urn 
disease  increases.  Diminution  of  the  pain  is  a  good  sign  if  other 
symptoms  are  stationary,  but  not  if  these  increase.  It  is  often,  how- 
ever, a  solace  to  the  patient  to  know  that  persistence  of  the  pains  does 
not  mean  progress  in  the  disease.  The  optic  nerve  atrophy  is  usually 
progressive,  but  not  invariably,  as  is  often  asserted.  Occasionally  its 
progress  is  arrested,  and  more  frequently  when  it  is  greater  in  one 
eye  than  when  both  are  involved.  Strange  to  say,  the  occurrence  of 
optic  nerve  atrophy  makes  the  prognosis  as  to  the  spinal  symptoms 
better ;  in  most  cases  the  spinal  lesion  remains  in  the  first  stage. 

Treatment. — ^The  disease  is  one  in  which  treatment  often  has  a 
very  clear  influence,  not  only  in  relieving  suffering,  but  in  determining 
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the  arreat  or  diminution  of  the  disease.  This  is  true  especially  of 
treatment  by  drugs.  But  the  first  care  should  be  to  secure  freedom, 
«B  far  as  possible,  from  all  influences  capable  of  increasing  the  disease, 
and  from  whateyer  is  likely  to  depress  the  nervous  system.  Excessiye 
mental  work,  anxiety,  and  physical  fatigue  are  all  harmful.  In 
seyere  and  acute  cases,  absolute  rest  for  a  week  or  two  is  often  useful 
at  the  onset  of  treatment.  If  the  patient  walks  about,  exercise  should 
always  stop  short  of  fatigue.  Care  should  be  taken  to  ayoid  the  risk 
of  falls;  a  severe  concussion  of  the  spine  will  sometimes  excite  to 
fresh  actiyity  a  stationary  disease.  Exposure  to  cold  is  also  injurious ; 
a  seyere  exposure  may  cause  acute  mischief.  If  practicable  it  is  well 
that  the  winter  should  be  spent  in  a  warm  and  dry  climate.  A  sea 
yoyage  is  sometimes  useful,  combining,  as  it  does,  a  maximum  of 
fresh  air  with  a  minimum  of  exertion;  it  has,  howeyer,  less  actual 
effect  than  might  be  expected.  If  there  is  much  ataxy,  the  risk  of 
falls  from  the  motion  of  the  ship  must  be  taken  into  consideration. 
It  is  the  most  useful  in  cases  that  are  already  stationary;  such 
patients  often  return  with  a  diminution  in  all  their  symptoms.  When 
the  disease  is  adyancing,  a  yoyage  often  does  harm  rather  than  good. 

The  digestiye  organs  should  be  kept  in  careful  order;  an  attack 
of  indigestion  or  constipation  is  often  attended  by  lightning  pains, 
which  cease  when  an  aperient  has  acted.  Food  should  therefore 
be  light  in  quality,  and  easily  digestible.  The  change  from  an  actiye 
to  an  inactiye  life,  which  tabes  often  causes,  may  lead  to  the  deyelop- 
ment  of  gout  in  an  indiridual  predisposed  to  it,  either  by  inheritance 
or  by  his  prerious  mode  of  life ;  and  the  tendency  must,  as  far  aa 
possible,  be  obyiated  by  regulation  of  diet  and  by  frequent  aperients. 
Smoking  should  be  either  ayoided  or  limited  to  a  small  amount. 
Alcoholic  excess  is  especially  harmful;  it  sometimes  excites  a  yery 
seyere  exacerbation  of  the  symptoms;  this  is  not  surprising,  since, 
as  we  haye  seen,  chronic  alcoholism  may  cause  a  disease  resembling 
tabes  in  its  symptoms  and  pathology.  Sexual  excess  is  also  most 
inJTirious.  Many  patients  are  preserved  from  this  danger  by  the 
disease  itself,  but  it  is  not  always  so.  Excess  seems  to  haye  a  special 
influence  on  the  optic  nerye  atrophy.  Seyeral  yery  painful  instances 
of  this  haye  come  under  my  notice.  A  man  in  the  early  stage  of  tabes, 
with  slight  atrophy,  some  peripheral  limitation  of  the  fields,  but  little 
impairment  of  acuity  of  yision,  started  on  a  yoyage  from  Australia  to 
England.  The  day  before  he  started  he  married,  and  wben  he  reached 
this  country  he  was  quite  blind. 

The  influence  of  drugs  on  the  disease  is  unquestionable  in  many 
<^ses,  and  if  they  are  used  wisely,  the  more  a  physician  sees  of  the 
disease,  the  more  highly  is  he  likely  to  esteem  them.  There  is  no 
specific  for  the  malady,  and  in  some  cases  the  morbid  tendency  oyer, 
powers  eyery  influence  that  can  be  brought  to  bear  upon  it.  Moreoyer, 
the  influence  of  drugs  is  yariable ;  that  which  seems  to  do  much  good 
in  one  case  has  no  influence  on  another,  and  this  is  true  also  of  the 
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same  case  at  different  periods.  Hence  the  therapentie  statements  tbat 
have  been  made  bj  yarious  observers  are  Bomewhat  discordant. 

The  first  question  is  the  influence  of  antisyphilitic  agents.  In 
tabes  such  influence  is  distinct  onlj  in  rare  cases,  chiefly  under  the 
conditions  mentioned  in  the  section  on  prognosis.  In  those  droam- 
stances  full  doses  of  iodide  of  potassium  shoidd  be  given,  and  if  the 
interval  since  the  primary  disease  is  short,  mercuiy  maj  be  rubbed  in 
until  the  gums  are  slightly  affected.  In  cases  of  slow  development, 
several  years  after  primary  syphilis,  such  treatment  seldom  does  good, 
and  sometimes  does  harm.  But  so  widely  spread  is  the  opinion  that 
every  consequence  of  syphilis  is  amenable  to  treatment,  that  it  is  often 
well  to  avoid  the  suspicion  of  neglect,  and  to  clear  the  iherapeatie 
ground,  by  a  course  of  iodide  of  potassium  for  fire  or  six  weeks. 
Yery  small  doses  of  mercury,  such  as  -^  grain  of  the  red  iodide,  may 
also  be  given  for  a  longer  time,  and  may  often  be  conveniently  com- 
bined with  other  drugs.  It  seems  sometimes  to  have  a  tonic  infin- 
ence  in  these  cases.  But  in  such  late  cases,  and  in  all  the  late  nerve 
degenerations  that  follow  syphilis,  energetic  mercurial  treatment  only 
does  harm.  Its  depressing  influence  seems  to  increase  the  degenera* 
tive  tendency,  and  to  hasten  the  progress  of  the  disease, — sometimes 
even  to  induce  its  extension. 

Of  drugs  that  have  been  recommended  for  tabes,  those  that  am 
most  useful  are  arsenic,  iron,  quinine,  aluminium,  nux  Tomioa  and 
strychnia,  nitrate  of  silver.  Calabar  bean,  belladonna,  ergot,  phos- 
phorus. Of  these  arsenic  is  certainly  that  which  most  frequently  does 
distinct  good.  Most  of  the  cases  in  which  I  have  known  the  greatest 
improvement  to  occur,  hare  been  taking  it  at  the  time.  In  several  of 
these  cases  there  was  no  other  change  in  the  conditions  of  life  to 
which  the  improvement  could  be  ascribed.  The  form  in  which  arsenic 
is  given  matters  little ;  niiij  to  TH.  vij  of  the  Liq.  Arsenicalis  may  be  given 
in  a  mixture,  or  -^^  gr.  of  arseniate  of  soda  in  a  pill.  Iodide  of  arsenic 
has  no  special  advantage,  and  is  not  so  well  borne.  This  or  any 
other  drug  must  be  continued  for  at  least  six  weeks  before  an  opioion 
of  its  influence  can  be  formed.  Bapid  improvemeat  can  never  be 
expected  in  so  chronic  a  disease.  But  it  is  not  well  to  continue  any 
drug  for  more  than  about  three  months  at  a  time.  Most  good  is 
effected  by  alternating  two  or  more ;  the  return  to  one  that  had  ceased 
to  do  good  is  often  beneficial.  In  connection  with  the  influence  of 
arsenic,  it  is  interesting  to  note  the  well-known  effect  of  the  drug  in 
improving  the  nutrition  of  the  skin,  and  the  frequency  with  which 
the  cutaneous  nerves  are  degenerated  in  tabes.  Quinine,  or  the 
extract  of  nux  vomica,  may  be  usefully  combined  with  arsenic ;  or  a 
small  dose  of  mercury  may  also  be  given,  Tl^xv  of  Liq.  Hyd.  Bichlor. 
with  TT\v  of  Liq.  Arsenicalis,  or  ^  gr.  of  the  rei  iodide  with  ^V  gT-  of 
arseniate  of  soda  in  a  pill.  Occasionally  arsenic  seems  to  irritate  the 
nerve-centres,  but  smaller  doses  may  then  be  borne,  and  may  be  nsefuL 
"Nitrate  of  silver  and  phosphorus  are  less  effective,  but  may   some» 


LOCOMOTOR  ATAXY.  487 

times  be  given  altematelj  with  arsenic  The  chloride  of  aluminium 
is  another  agent  that  I  have  found  of  distinct  service,  2 — 4  gr. 
twice  or  three  times  a  day.  It  certainly  diminishes  the  severity  of  the 
pains  and  the  tendency  to  them. 

Calabar  bean  has  been  recommended  as  producing  temporary  im- 
provement iu  many  chronic  spinal  diseases.  Its  influence  in  tabes  is 
not  great.  Ergot  has  been  esteemed  highly  by  some,  but  is  seldom 
distinctly  effective.  Belladonna  is  sometimes  useful,  especially  when 
there  is  a  tendency  to  incontinence  of  urine.  Strychnia  in  the  same 
cases  sometimes  produces  marked  improvement,  especially  combined 
with  a  small  dose  (, ^^  gr.)  of  nitro-glycerine,  which  causes  the  blood 
containing  the  tonic  to  pass  more  freely  to  the  nerve-centres. 

Counter-irritation  to  the  spine,  by  blisters  or  the  actual  cautery,  is 
often  useful,  chiefly  in  the  cases  just  mentioned,  in  which  the  dis- 
ease develops,  or  the  symptoms  increase,  rapidly,  or  in  which  there 
is  spinal  pain  or  tenderness.  It  is  not  probable  that  it  influences  the 
process  of  degeneration,  but  it  may  lessen  any  secondary  inflammation. 

Of  special  symptoms  that  require  treatment,  the  pains  are  the 
most  important.  Unfortunately  they  are  often  very  obstinate,  and 
their  variability  renders  it  difficult  to  estimate  the  influence  of  treat- 
ment upon  them.  Severe  paroxysms  may  yield  only  to  hypodermic 
injections  of  morphia,  but  this  should  be  reserved  for  the  most  intense 
attacks,  since  its  use  is  undesirable  for  a  recurring  symptom  which  may 
continue  for  years.  Indian  hemp  is  often  effective  ;  gr.  ^  or  i  should 
be  given  every  three  or  four  hours  during  an  attack.  But  the  most 
useful  agents  for  relieving  a  paroxysm  are  antipyrine  and  acetanilide. 
One  or  the  other  of  these  seldom  fails ;  should  they  do  so,  ezalgin  or 
phenaoetin  or  migranin  may  succeed.  Hypodermic  injections  of  cocaine 
generally  arrest,  for  several  hours,  pains  that  are  superficial  in  character, 
especially  if  accompanied  by  hypenssthesia  of  the  skin.  The  injec- 
tion should  be  of  i  to  i  of  a  grain,  at  the  upper  part  of  the  region 
to  which  the  pain  is  referred.  Cocaine  has  no  influence  over  the 
deepar  pains.  Superficial  pain  is  also  relieved  by  the  local  applica- 
tion of  chloroform  sprinkled  on  spongiopiline  (or  lint  and  oiled  silk). 
Occasionally  the  pains  are  lessened  by  a  warm  bath.  Counter-irritation 
to  the  spine,  as  by  repeated  sinapisms,  may  give  some  relief.  These 
measures,  however,  only  relieve  paroxysms,  and  do  not  prevent  recur- 
rence. Chloride  of  aluminium  is  of  considerable  service  in  lessening 
the  tendency  to  the  occurrence  of  the  pains.  Two  to  four  grains  may 
be  given  three  times  a  day.  It  is  readily  soluble,  and  may  be  given 
in  combination  with  other  drugs. 

Paroxysmal  visceral  symptoms  often  yield  to  antipyrine  or  aceta- 
nilide, but  when  severe,  morphia  alone  mitigates  their  intensity. 
Slight  gastric  crises  may  be  relieved  by  simultaneous  sinapisms  to  the 
epigastrium  and  neck.  Laryngeal  spasm  is  usually  at  once  relieved 
by  nitrite  of  amyl  or  nitro-glycerine ;  the  local  application  of  cocaine  is 
also  useful.      Weakness  of  the  bladder  is  sometimes  lessened  by 
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strychnia  or  belladonna  Strjclinia  may  be  given  bj  hjpodormio 
injection,  as  recommended  in  the  chapter  on  muscular  atrophy. 

Blisters  or  sores  on  the  feet  should  receiye  careful  local  treatment 
until  thej  are  well.  If  neglected  thej  maj  become  very  troublesome. 
The  patients  should  be  cautioned  never  to  cut  a  com ;  a  perforating 
ulcer  is  often  set  up  by  a  com  being  cut  too  deeply.  The  epidennia 
should  be  softened  with  an  alkali  and  rubbed  off  with  pumice-stone. 

Attention  to  the  bladder  is  one  of  the  most  important  elements  in 
the  treatment  of  tabes,  as  in  that  of  all  diseases  of  the  spinal  cord« 
chronic  and  acute.  If  there  is  any  reason  to  believe  that  the  bladder 
is  imperfectly  emptied,  a  catheter  should  be  passed ;  and  if  residual 
urine  is  found,  the  bladder  should  be  emptied  perfectly  and  washed 
out  every  day  or  every  other  day.  No  hesitation  need  be  felt  in  the 
use  of  the  catheter  in  these  cases,  provided  very  strict  antiseptic  pre- 
cautions are  taken.  Many  patients  die  every  year  from  want  of  the 
catheter,  because  it  is  thought  that  all  is  right  since  they  pass  urine 
freely.  The  residual  accumulation,  or  the  slight  cystitis,  sets  up 
chronic  pyelo-nephritis,  which  develops  insidiously,  and  is  unsuspected 
until  mysterious  febrile  disturbance  occurs,  chronic  or  acute,  and  leads 
to  death.  It  is  probable  that  the  onset  of  the  final  acute  disturbance 
is  sometimes  determined  by  the  passage  of  a  ca.theter,  just  as  this  will 
cause  a  rigor  or  transient  heematuria  in  a  healthy  person  I  have  seen 
many  melancholy  instances  of  death  from  the  consequences  of  un- 
suspected retention,  while  the  early  and  frequent  use  of  the  catheter 
is  comparatively  innocuous.  It  is  especially  important  to  insist  oa 
the  danger  that  the  practitioner  may  be  misled  by  the  patient,  who 
thinks  that  because  he  passes  urine  freely  he  necessarily  empties  hLi 
bladder  perfectly. 

Electricity  has  little  influence  on  the  chief  symptoms  of  tabes.  The 
voltaic  current  is  powerless  over  either  the  pains  or  the  ataxy,  whether 
it  be  applied  to  the  spine  or  the  limbs.  Faradisation  of  the  skin  l^ 
the  wire  brush  has  been  recommended  for  the  defect  of  cutaneous 
sensibility,  but  it  has  little  if  any  influence.  Temporary  improvement 
in  gait,  and  sometimes  a  little  permanent  improvement,  may  be 
obtained  by  faradisation  of  the  muscles;  the  stimulation  of  the 
afferent  muscle-nerves  is  probably  the  mechanism  of  its  action,  but  I 
liave  not  met  with  permanent  good  from  its  influence.  When  the 
bladder  or  its  sphincter  is  weak,  faradisation  from  the  hypogastrium 
to  the  perinseum  may  be  employed,  and  occasionally  seems  to  do  some 
good.  In  secondary  wasting  of  the  muscles  an  attempt  may  be  made 
to  maintain  their  nutrition  by  stimulating  them  with  whatever  current 
they  respond  to,  but  the  central  nature  of  the  cause  usually  renders 
local  treatment  ineffective.  Massage  also  has  been  recommended,  and 
possibly  may  be  beneficial  in  some  cases.  It  is  most  useful  if  com* 
bined  with  the  systematic  use  of  the  exercises  in  co-ordination  devised 
by  PrenkeL* 

•  'Deutsch.  ined.  Wochenschr./  1896. 
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Neire-stretching  was  fashionable  a  few  years  ago,  the  operation 
being  usuallj  performed  on  the  sciatic  nerre.  In  the  first  case  in 
which  it  was  employed  (bj  Langenbuch)  the  procedure  was  followed 
bj  remarkable  and  mysterious  improirement,  not  only  in  the  pains, 
but  also  in  the  inco-ordination.  The  patient  subsequently  died  under 
chloroform,  administered  in  order  that  the  nerves  of  the  arms  might 
be  stretched.  The  spinal  cord  was  found  by  Westphal  to  be  healthy. 
Although  the  nerves  were  not  examined,  there  can  be  little  doubt  that 
it  was  one  of  the  cases  in  which  the  nenres  alone  are  diseased.  The 
operation  has  since  been  performed  in  a  large  number  of  cases,  but 
without  results  that  have  secured  its  surrival,  and  it  is  passing  into 
merited  disuse.  Its  place  was  taken  by  extension  of  the  spinal  column. 
In  this  procedure  the  patient  is  suspended  in  such  a  manner  as  to 
allow  the  weight  of  the  body  to  rest  on  the  head  and  shoulders,  and 
head  alone,  alternately,  and  the  ligaments  of  the  spinal  column  are 
supposed  to  be  so  stretched  that  the  spinal  cord  and  its  nerve-roots 
are  elongated.  The  chief  effect  is  produced  on  the  ligaments  of  the 
upper  part  of  the  spine,  but  the  actual  amount  of  elongation  of  the 
spine  is  exceedingly  slight  and  insignificant,  as  has  been  proved  bj 
experiments  on  the  dead  body.  It  is  difficult  to  conceive  any  mecha- 
nism by  which  it  can  do  the  good  in  tabes  which  was  at  first  ascribed 
to  it ;  and  the  careful  observations  by  Bussell  and  Taylor  on  a  large 
number  of  cases  at  the  Queen  Square  Hospital  *  seem  to  show  conclu- 
sively that  it  has  no  real  power  of  permanently  influencing  the  disease. 

It  is  important  that  the  patient  should  avoid  falls  as  far  as  possible, 
and  likewise  exposure  to  cold  and  wet.  Both  of  these  influences  ocoa* 
nonaUy  exdte  an  acute  exacerbation  at  the  pre-existing  maJadj. 


PBIMABT  SPASTIC  PARAPLEGU 
(pbimjlbt  lateral  sclsbosib). 

The  morbid  state  thus  designated  is  one  that  has  been,  and  still  is, 
the  subject  of  much  discussion.  Its  relations  are  complex,  and  a 
somewhat  lengthy  pathological  introduction  is  necessary. 

Genbral  Patholoot. — We  have  seen  that  in  every  kind  of  trans- 
verse lesion  of  the  spinal  cord,  provided  this  is  situated  above  the 
lumbar  enlargement,  the  paralysis  of  the  legs  is  soon  accompanied  by 
excess  of  myotatic  irritability  (increased  knee-jerk,  foot-clonus),  and 
that  the  muscle-reflex  action  on  which  this  irritability  and  muscular 
tone  seem  to  depend,  gradually  increases  to  tonic  spasm,  so  that  a 
«>ndition  develops  to  which  the  term  "  spastic  paraplegia  "  is  applied. 
A  condition  quite  similar  to  that  which  is  thus  secondary  to  a  trans- 
verse lesion  often  develops  gradually,  without  any  indication  of  a 
*  BaueU  and  Taylor,  'Brain,'  Summer  Number,  1890,  vol.  xiii,  p.  aOA. 
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primary  focal  disease^  and  without  anj  sensory  symptoms  to  indicate 
that  the  mischief  extends  beyond  the  purely  motor  elements  of  the 
cord.  We  have  also  seen  that  these  symptoms  indicate  disease  of  the 
upper  segment  of  the  motor  path,  the  cortioo-spinal  segment  (p.  218)» 
which  extends  from  the  motor  cortex  through  the  pyramidal  tracts, 
and  ends  in  the  grey  matter  of  the  cord,  doubtless  by  a  subdivision  and 
ramification  of  the  nerve-fibres  in  the  fibrillary  network  of  the  spongy 
substance.  From  the  gradual  onset  and  limitation  of  the  symptoms 
in  these  cases  it  has  been  assumed  that  the  disease  consists  of  a 
primary  sclerosis  of  the  pyramidal  tracts,  t.  e.  in  a  degeneration  of  the 
fibres  of  this  upper  segment.  Since  these  tracts  run  chiefly  in  the 
lateral  columns  the  disease  has  been  termed  "lateral  sclerosiB." 
The  clinical  features  presented  by  these  cases,  and  their  probable 
significance,  were  first  pointed  out  by  Erb.*  Degeneration  of  the 
pyramidal  tracts  had  been  already  observed  by  Torek  (1856)  and 
Charcot  (18G5).  Erb's  inference  as  to  the  nature  of  these  cases 
was  supported  by  the  independent  (and  indeed  previous)  researches 
of  Charcot  on  cases  of  muscular  atrophy;  he  showed  that  in  such 
cases  muscular  rigidity  coincides  with  degeneration  of  the  pyramidal 
tracts.  Pathologists  have  since  been  searching  for  confirmation  of  the 
hypothesis — for  evidence  that  the  symptoms,  in  their  pure  form, 
without  muscular  atrophy,  depend  on  degeneration  limited  to  the 
pyramidal  tracts.  Such  degeneration  in  slight  degree,  associated 
with  slight  symptoms,  has  been  found  in  cases  of  general  paralysis  of 
the  insane  (by  Westphal  and  others)  ;  but  in  all  other  cases  that  have 
been  examined  either  other  parts  of  the  white  substance  have  been 
degenerated,  or  the  disease  has  involved  also  the  anterior  comua.t 
In  some  cases,  as  one  published  by  Dreschfeld  (of  which  a  figure  is 
given  at  page  497),  the  change  in  the  anterior  comua  has  been  so 
slight  that  the  required  conditions  are  nearly  fulfilled.^ 

Although  absolute  demonstration  has  not  yet  been  furnished,  the 
indirect  evidence  of  the  correctness  of  the  pathological  hypothesis  ii 
very  strong,  and  the  only  open  question  is  whether,  when  there  is  no 
disease  of  the  motor  nerve-cells  of  the  anterior  comu,  the  degenera- 
tion is  so  limited  to  the  pyramidal  tracts  as  to  constitute  a  system 
disease  in  the  strict  sense  of  the  word.  It  is  not  surprising  that 
demonstration  of  the  nature  of  the  pure  cases  is  not  forthcoming, 
since,  as  we  shall  see,  the  disease  has  little  tendency  to  shorten  life. 
It  is  only  recently  that  it  has  been  shown  that  the  wasting  in  the 
anterior  horn  cells  which  underlies  progressive  muscular  atrophy  is 

•  In  1875,  'Berlin,  klin.  Wochenschr^'  No,  26 1  1877,  •  Virchoir's  Archi< 
Bd.  Ux. 

t  In  a  case  recorded  by  Stofclla  no  other  part  than  the  pymmtdal  traeti  ooald 
be  Been  dUeased  on  naked-eye  observation,  bat  no  mterosoopical  examination  waa 
made. 

{  The  same  is  true  of  several  casefi  published  recently.  One  of  StrQmpeU'i 
(*  Deut.  Ztsfhr.  f,  Nervenheilk./  18134,  v)  very  nearly  fuHiled  the  requUite  condi* 
tiona. 
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not  neoessarOj  iiiTariablj  associated  with  lateral  scIerosiB,  and  there 
seems  no  reason  why  a  similar  degeneration  shonld  not  exdusiyelj  affect 
the  upper  segments  of  the  motor  path  just  as  it,  rarelj  no  doubt,  affects 
onlj  the  lower  segment.  In  the  majority  of  instances,  of  course,  both 
upper  and  lower  segments  are  affected  in  the  condition  known  bm 
amyotrophic  lateral  sclerosis  (q.  v.). 

It  should,  moreover,  be  noted  that  cases  which  present  this  group 
of  symptoms  may  be  very  various  in  nature.  We  have  seen  (p.  254) 
that,  in  each  segment  of  the  motor  path,  the  same  symptoms  are 
produced  by  disease  of  any  part  of  the  segment.  In  the  upper 
segment,  with  which  we  are  now  concerned,  the  symptoms  are  the 
same,  wh*  thei  the  disease  is  in  the  cortex  of  the  brain,  the  internal 
capsule,  the  pyramids  of  the  medulla,  or  the  pyramidal  tracts  of  the 
cord ;  and  they  must  also  be  the  same  if  the  disease  is  limited  to  the 
termination  of  the  segment  in  the  grey  matter  of  the  cord.  In 
cerebral  hemiplegia  the  state  of  the  arm  closely  resembles  that  present 
when  primary  spastic  paraplegia  inyolves  this  limb.  The  leg  in  hemi- 
plegia presents  a  less  dose  resemblance  to  its  condition  in  spinal 
disease,  because  the  leg  is  innervated  from  both  cerebral  hemispheres, 
and  the  supplementary  influence  of  the  hemisphere  of  the  same  side 
lessens  the  effect  of  the  disease  of  the  hemisphere  of  the  opposite  side. 
But  if  there  is  disease  of  the  leg-centres  in  both  hemispheres,  the 
state  of  the  legs  may  be  identical  with  that  resulting  from  disease  of 
the  spinal  cord.  Such  bilateral  disease  often  results  from  injury 
during  birth, — meningeal  hflsmorrhage  over  the  upper  part  of  the 
central  convolutions.  This  resulting  condition  is  termed  "congenital 
spastic  paraplegia."    (See  Vol.  11.) 

On  the  other  hand,  it  is  extremely  probable  that  degeneration  begins 
in  the  termination  of  the  fibres  in  the  grey  matter,  just  as  it  does  in 
the  extremities  of  the  peripheral  nerves,  in  each  case  that  part  of  the 
neuron  furthest  from  its  nutritive  centre.  It  may  even  be  limited  to 
these  terminal  parts,  as  the  extremity  of  the  lower  segment  is  paralysed 
alone  by  many  agents,  typically  ourara.  In  such  disease  the  white 
columns  would  be  found  normal,  as  in  one  recorded  case  in  which  the 
symptoms  of  spastic  paraplegia  existed  during  life,  and  no  anatomical 
change  was  discovered  after  death.  The  detection  of  the  disease  of  the 
terminal  portion  in  the  grey  matter  is  extremely  difficult,  perhaps  im- 
])ossibIe,  'because  the  structure  must  consist  of  nerve-fibrillsa  that 
intt^rlace  with  others  that  are  unaffected.  This  view  is  supported  by 
the  fact  that  in  other  cases  some  degeneration  has  been  found  in  the 
lateral  pyramidal  tracts  in  the  lumbar  region  slighter  than  the  in- 
tensity of  the  symptoms  snorgested,  and  gradually  lessening,  to  cease 
higher  up  the  cord.  Such  a  condition  is  comparable  to  the  degenera- 
tion of  the  lower  portion  of  the  second  segment  of  the  motor  tract  in 
some  cases  of  peripheral  (degenerative)  neuritis,  in  which  there  is  a 
degeneration  of  motor  nerve-fibres,  greatest  in  their  extremities,  ex- 
tending for  a  variable  distance  up  the  nerves,  but  lessening  long  before 
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the  spine  is  reached.  It  is  highlj  probable  that  the  tozio  agents  which 
cause  lathjrism  and  pellagra  (q.  v.)  act  on  the  eiztremitiet  at  the 
pyramidal  fibres  as  curara  does  on  the  nerves;  among  the  spinal 
symptoms  of  lathjrism  are  paralysis  of  the  legs  with  rigidity  and 
contractures,  and  increase  of  myotatic  irritability— foot-donus,  fto.* 

Both  clinical  and  pathological  evidence  shows  that  the  morbid  state 
often  occurs  also  as  part  of  a  more  eztensiye  degeneration.  Degene- 
ration may  occur  in  both  lateral  aud  posterior  columns,  giving  rise  to 
combined  paralysis  and  ataxy — "  ataxic  paraplegia,"  suffidenily  definite 
in  its  clinical  characters  and  course  to  make  its  distinction  convenient ; 
it  is  therefore  separately  described.  The  following  accoimt  of  the 
clinical  features  of  spastic  parapl^ia  is  founded  on  cases  in  which  the 
motor  paralysis  and  spasm  existed  alone,  with  no  definite  sensoiy  loss, 
in  wliich  they  came  on  gradually,  with  nothing  in  the  state  of  the 
patient  or  the  history  of  his  symptoms  to  suggest  either  a  focal  lesion 
or  an  acute  process. 

Causes. — An  inherited  neuropathic  tendency  is  to  be  traced 
sionaUy  in  this  as  in  other  chronic  spinal  diseases.  Thus  in  one 
there  was  a  history  of  insanity  in  uncle,  aunt,  and  two  cousins.  The 
disease  affects  both  sexes  in  almost  equal  frequency,  presenting  in  this 
a  contiust  to  posterior  sclerosis.  1  he  period  of  life  at  which  it  most 
frequently  begins  is  between  twenty  and  forty  ;  about  three  quarters 
of  the  cases  begin  in  these  two  decades,  and  about  an  equal  number 
in  each.  Cases  frequently  commence,  however,  in  the  second  decade 
of  life,  chiefly  in  its  latter  portion.  After  forty  they  become  much 
less  common ;  the  latest  age  at  which  I  have  known  a  typical  case  to 
commence  is  sixty -one. 

The  disease  sometimes  follows  syphilis  in  a  way  to  suggest  a  causal 
relation,  even  when  all  cases  are  excluded  in  which  there  is  any  reason 
to  suspect  a  focal  lesion.  In  one  case  the  symptoms  commenced  six 
months  after  the  primary  disease. t  But  this  antecedent  is  not  fre- 
quent, and  in  this  respect  also  the  disease  contrasts  with  posterior 
sclerosis.  Proximate  causes  are  to  be  traced  only  in  a  minority  of  the 
cases.  The  most  frequent  is  concussion  of  the  spine,  such  as  a  fall 
on  the  back.  Some  time,  often  two  or  three  years,  elapses  between 
the  fall  and  the  first  pronounced  symptoms  of  the  disease,  and  hence 
focal  lesions  due  to  the  fall  can  be  excluded.  Next  in  frequency 
is  relocated  exposure  to  wet  cold.  Very  rarely  the  symptoms  have 
slowly  followed  some  acute  illness.  In  several  cases  the  disease  has 
succeeded  prostration  after  childbirth  or  abortion,  or  has  commenced 
during  lactation.  In  one  case  an  attack  of  arthritis  in  the  knee  and 
aukle  of  one  leg  was  the  immediate  antecedent,  and  this  leg  was  the 
first  to  become  weak.  In  another  case  the  symptoms  followed  sub* 
acute  arthritis  of  both  knee-joints,  apparently  rheumatic  in  natures 

•  Sec  Marie,  *  Pro.-.  Metl.,'  1883.  No.  43. 

t  The  cord  lesiou  wne  found  lo  be  sclerous  bat  the  direct  eerebolUr  trail 
was  also  degenerated  (Minkowski). 
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The  possibility  that  a  joint  inflammation  may  be  of  spinal  origin  must 
be  borne  in  mind  in  considering  the  significanoe  of  such  cases,  but  it  is 
on  the  whole  probable  that  a  primary  joint  affection  is  an  occasional 
cause  of  the  spinal  disease.*  (Acute  arthritis,  certainly  of  spinal 
origin,  has  only  been  observed  in  severe  myelitis.)  The  cause  of  the 
congenital  form  is  always  injury  to  the  brain  during  birth,  in  most 
cases  meningeal  hsBmorrhage,  causing  compression  of  the  motor 
cortex. 

Stvftoms. — Weakness  of  the  legs,  of  very  gradual  development, 
is  the  first  symptom.  The  patient  finds  that  he  gets  tired  more 
readily  than  before,  and  that  the  legs  feel  heavy ;  sometimes  one  leg 
becomes  weak  before  the  other.  The  progress  of  the  weakness  is  very 
variable,  but  it  is  slow  in  all  characteristic  cases.  In  many  instances 
the  patient  is  still  able  to  walk  a  mile  or  two,  even  after  the  disease 
has  lasted  for  several  years,  slowly  increasing.  On  the  other  hand, 
walking  power  may  be  almost  lost  at  the  end  of  six  months.  It  is 
doubtful  whether  more  acute  cases  belong  to  this  category.  The  early 
weakness  is  often  accompanied  by  slight  unsteadiness,  chiefly  subjec- 
tive. Wben  the  patient  seeks  advice,  it  will  generally  be  found  that 
there  is  very  distinct  loss  of  power  in  the  flexors,  often  greatest  in  the 
flexors  of  the  hip,  but  considerable  also  in  those  of  the  knee  and  ankle, 
and  occasionally  much  greater  in  the  last  than  elsewhere.  The 
knee-jerk  is  excessive  and  quick;  the  rectus  contraction  can  be 
obtained,  as  the  patient  lies,  by  tapping  the  depressed  patella,  and  a 
rectos-clonus  is  often  obtainable  by  sudden  depression  of  the  patella. 
The  foot-clonus  is  usually  also  obtained  with  readiness.  In  rare 
cases,  in  which  the  upper  part  of  the  legs  suffers  most,  there  may  be 
a  rectus-donuB,  but  only  slight  indications  of  a  foot-clonus,  two  or 
three  movements  quickly  ceasing.  The  tendency  to  spasm  is  at  first 
noticeable  as  slight  stiffness  of  the  legs  on  first  rising  in  the  morning, 
but  it  gradually  increases  in  degree  as  power  lessens,  until  at  last  the 
legs,  whenever  extended,  pass  into  a  condition  of  strong  extensor 
spasm,  rigidly  fixing  them  to  the  pelvis,  so  that,  as  the  patient  lies,  if 
one  leg  is  lifted  from  the  couch  by  the  observer,  the  other  leg  is 
moved  also.  The  spasm  may  be  such  that  the  knee  cannot  be  pas- 
sively flexed  by  any  force  that  can  be  applied  to  it  until  the  spasm  has 
become  less.  When  flexed  the  limb  is  comparatively  supple;  but 
if  it  is  then  extended,  the  spasm  instantly  returns,  making  the  limb 
rigid,  and  often  completing  the  extension,  just  as  the  blade  of  a  knife 
opens  out  under  the  influence  of  its  spring,  "clasp-knife  ri^^iJity." 
The  spasm  is,  roughly  speaking,  proportioned  to  the  loss  of  power,  and 
its  extensor  character  may  enable  the  patient  to  stand,  the  legs  being 
fixed  and  rigid,  when  muscular  power  is  quite  insufficient  to  support 
the  body  when  it  is  unaided  by  tiie  spasm.  In  a  still  greater  degree 
a  Tolxjx^^Tj  effort  may  only  excite  general  spasm  of  the  limb  instead  of 
causing  a^  definite  movement.  Occasionally  there  are  also  paroxysms 
*  See  Arthritic  Miisculur  Atrophy. 
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of  brief  flexor  spasm  causing  the  legs  to  draw  up.  This  occurs  chiefly 
when  the  patient  is  in  bed,  and  especially  during  deep.  When  the 
spasm  is  great,  a  paroxysm  may  pass  into  violent  clonic  spasm,  but 
this  is  merely  the  same  clonus  that  can  be  produced  by  passire  exten- 
sion, excited  by  the  tension  of  the  spontaneous  spasm  (see  p.  263). 
Beflex  action  from  the  skin  is  also  usually  excessive,  and  the  stimulus 
excites  an  attack  of  spasm. 

The  gait  of  the  sufferers  from  spastic  paraplegia  is  very  character- 
istic. The  legs  seem  to  drag  behind  the  patient,  and,  in  walking, 
each  is  hauled  forwards  as  a  rigid  whole,  the  toes  catching  against  the 
ground,  and,  when  the  ball  of  the  foot  rests  on  the  ground,  the  limb 
may  shake  from  the  clonus  developed  by  the  extension  of  the  calf 
muscles.  When  the  patient  sits,  a  similar  trepidation  occurs  until 
the  patient  pushes  the  leg  forwards  so  that  the  heel  rests  also  on  the 
floor.  The  muscles  of  the  legs  are  usually  large  and  well  nourished. 
They  often  seem,  indeed,  to  be  hypertrophied,  and  perhaps  are  reaUy 
so;  the  contraction  of  spasm  constitutes  a  physiological  stimulus  to 
growth,  just  as  does  volimtaiy  effort.  But  they  are  not  always  large ; 
they  are  sometimes  moderately  wasted.  The  electric  irritability  is 
usually  perfectly  normal,  but  in  the  muscles  that  present  the  slight 
wasting  just  mentioned  there  may  be  a  trifling  diminution  of  irrita- 
bility to  f  aradism  and  voltaism  alike.  When  the  patient  ceases,  or 
almost  ceases  to  walk,  contracture  sometimes  occurs  in  the  calf 
muscles.  An  active  contracture  is  indeed  common,  preventing  at  first 
passive  flexion  of  the  ankle  beyond  a  right  angle ;  but  if  the  pressure 
is  maintained,  the  muscles  yield  and  full  flexion  is  possible.  But  in 
some  cases  there  is  the  fixed  contracture  described  on  p.  257  (form  8). 
Plexor  contraction  at  the  hip  or  knee  may  occur  also  in  the  same  cases 
under  the  influence  of  posture,  but  is  on  the  whole  xaze^  the  tenden^ 
to  it  being  coimteracted  by  the  extensor  spasm. 

The  arms  are  often  unaffected,  but  they  suffer  in  some  cases,  and 
present  the  same  progressive  weakness  and  excess  of  myotatic  irrita- 
bility. Vigorous  contractions  are  elicited  by  a  tap  on  the  tendon  of  a 
muscle,  or  on  the  bone  to  which  the  tendon  is  attached,  provided  the 
muscle  is  extended.  A  clonus  can  sometimes  be  obtained  in  the  flexors 
of  the  fingers.  There  is  less  paroxysmal  spasm  than  in  the  leg,  but 
much  rigidity  of  the  limb,  from  active  muscular  contracture,  flexing  the 
elbow  and  fle3;ing  the  fingers  at  all  the  joints,  as  in  the  "  late  rigidity"* 
of  hemiplegia.  The  difference  in  the  form  of  spasm  in  the  arm  and  1^ 
is  no  doubt  connected  with  existence  of  a  reflex  extensor  mechanism, 
in  the  lumbar  centres,  concerned  in  the  act  of  standing.  The  muscles 
of  the  arm  are  often  as  well  nourished  as  those  of  the  leg.  The  affec- 
tion of  the  two  arms  is  very  rarely  equal ;  it  is  common  for  one  aim 
to  be  almost  normal  when  the  other  is  much  affected  and  both  legs 
are  equally  involved.  Sometimes,  however,  the  arm  and  leg  on  one 
side  are  paralysed,  and  the  limbs  on  the  other  side  are  so  slightly 
involved  that,  in  comparison  with  the  palsied  members,  ihej 
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aornial ;  tlie  patient  often  belieres  that  the7  are  unaffected,  but 
examination  always  reveals  some  weakness  and  an  abnormal  degree 
of  mjotatic  irritability. 

The  muscles  of  tbe  trunk  may  also  suffer.  A  subjective ''  feeling  of 
weakness  "  in  the  back  is  often  complained  of  early,  but  seems  to  be 
as  much  a  sensory  as  a  motor  symptom.  Painful  spasm  of  the 
abdominal  muscles  may  occur  in  severe  cases,  and  I  have  even  known 
attacks  of  tetanoid  rigidity  of  the  back  to  be  produced  by  attempts  to 
move. 

It  is  not  common,  in  typical  cases,  for  the  symptoms  to  extend  into 
the  region  of  the  cranial  nerves,  but,  in  rare  instances,  di£&culty  of . 
swallowing  and  of  articulation  has  existed,  due  to  a  similar  palsy  of 
the  bulbar  nerves.  Excessive  myotatic  irritability  has  also  been 
observed  in  the  muscles  of  mastication,  so  that  a  tap  on  the  chin 
causes  a  vigorous  elevation  of  the  depressed  jaw  (Beevor). 

Sensory  symptoms  are  often  entirely  absent,  with  the  exception  of 
slight  dull  pains  in  the  legs,  or  more  frequently  in  the  back.  The 
sensation  of  weakness  in  the  back,  already  mentioned,  occasionally 
reaches  an  intense  degree.  Bheumatoid  pains  may  be  troublesome, 
but  sharp  pain  is  rare,  except  in  untypical  cases  to  be  presently 
mentioned.  In  such  cases  also  there  may  be  very  slight  defect  of 
sensibility — such,  for  instance,  as  blunting  of  tactile  sensibility  on 
the  finger-tips.  Subjective  sensations  of  "numbness,"  tingling, 
formication,  are  more  common.  They  may  exist  for  years  without 
the  development  of  any  other  ansBsthesia,  in  spite  of  the  progress  of 
the  motor  symptoms. 

The  sphincters  are  sometimes  affected,*  occasionally  very  early ; 
often,  however,  they  escape  even  to  an  advanced  stage.  Sexual  power 
may  be  lost,  or  may  remain,  even  when  the  spastic  paraplegia  has 
reached  a  high  degree.  The  nutrition  of  the  skin  and  joints  under* 
goes  no  change. 

Ocular  symptoms  are  rare,  with  the  exception  of  nystagmus,  which 
will  often  be  found  if  searched  for.  The  action  of  the  pupils  is 
usually  ])erf  ect,  and  I  have  only  once  seen  optic  nerve  atrophy  in  an 
uncomplicated  case. 

The  infantile  form  may  resemble  very  closely  that  which  occurs  in 
adults.  There  are  the  same  extensor  spasm  and  increase  of  all  forms 
of  reflex  action.  As  the  child  sits  on  the  knee  or  a  chair  any  sensory 
stimulus  will  make  the  legs  shoot  out  in  spasm  (Fig.  181).  But  the 
rigidity  does  not  reach  the  extreme  degree  often  attained  in  the  common 
form.  The  excess  of  the  knee-jerk  is  always  distinct,  but  a  foot- 
clonus  is  not  often  to  be  obtained,  perhaps  because  the  muscle-reflex 
mechanism  related  to  the  calf  muscles  has  not  received  the  functional 
development  that  must  result  from  the  process  of  walking,  with  its 
recurring  sequence  of  tension  and  contraction.  The  active  contracture 
in  the  calf  muscles,  which  most  cases  present,  is  a  serious  hindrance 
to  walking  even  when  the  muscular  power  ia  sufBcient,  and  it  is  long 
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ireot  result  of  the  concussion.  Blood  may  be  extravasated  into 
cruised  part,  sometimes  in  minute  spots,  sometimes  in  larger 
^rrhages,  and  even  into  the  central  canal.  These  changes  are 
Ij  limited  to  the  spot  directly  damaged,  but  secondary  myelitis 
t)e  set  up,  and  sometimes  extends  beyond  the  contused  area.  It 
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90.*-Spinal  cord  damaged  by  the  f ractnre  thown  in  Pig.  80.  The  elementi 
cord  itself  are  ehan^red  beyond  the  pouibility  of  identification*  The  ascending 
iration  is  shown  in  Fig.  76. 

91.— Fracture  of  the  body  of  the  fifth  dorsal  rertebra  and  of  its  processes. 
Qurlt.) 

eyen  extend  through  the  whole  length  of  the  cord  below  the 
^,  and  then  its  central  functions  are  abolished.  In  cases  of 
duration  the  usual  ascending  and  descending  secondary  dege- 
Lons  are  also  found.  It  is  important  to  note,  moreover,  that 
doondary  degenerations  have  sometimes  the  irritative  character 
Ly  described  (p.  272,  note),  and  that  an  ascending  inflammation 
'or  a  short  distance  above  the  lesion  be  limited  to  a  tract  that 
erates  downwards  (see  p.  275).  Fig.  "7^,  p.  214,  represents 
ns  of  the  cord  from  the  case  of  fracture  figured  above.  Occa- 
ly  the  injury  leads  to  secondary  caries  of  the  bone,  with  all  its 
[^uences. 

dPTOMs. — Three  classes  of  symptoms  result.  (1)  The  local  indica- 
of  the  injury  to  the  spine.  (2)  There  may  be  certain  nervous 
ioms  not  distinctly  due  to  the  damage  to  the  cord.  One  of  these 
eral  shock,  which  may  be  so  great  as  to  entail  transient  loss  of 
Lousness.  Vomiting  occasionally  occurs.  There  is  great  pain  in 
osition  of  the  fracture,  rendered  very  intense  by  pressure,  and 
radiating  along  the  nerves  which  come  from  this  part,  the 
of  which  are  compressed.  In  rare  cases  epileptiform  con- 
ns have  followed  fracture,  usually  at  an  interval  of  some  days, 
ymptoms  which  result  from  the  damage  to  the  cord,  and  con- 
L  paralysis  of  the  parts  below  the  injury.    Its  character  depends 
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on  the  amotmt  of  damage.  If  this  is  considerable,  there  is  both 
motor  and  sensoiy  paralysis  up  to  the  level  of  the  lesion,  with  loss  of 
power  oyer  the  sphincters.  Befiex  action  is  lost  at  the  Wei  of  the 
lesion,  and  the  examination  of  the  trunk-reflexes  often  giyes  important 
information  regarding  the  extent  of  the  damage,  when  this  is  in  the 
dorsal  region.  Below,  reflex  action  is  usually  diminished  or  lost, 
probably  because  the  centres  are  impaired  by  descending  myelitis. 
Spasmodic  twitchings  sometimes  occur  in  the  limbs  immediately  after 
the  injuxy,  and  priapism  is  the  rule,  e8X)eciaIly  if  the  lesion  is  cervical. 
The  pains  are  severe  in  the  arms  when  the  fracture  is  opposite  the 
cervical  enlargement,  and  in  the  legs  when  at  or  below  the  lumbar 
enlargement,  so  as  to  damage  the  nerve-roots.  In  these  cases  there 
may  be  rapid  wasting  of  the  muscles,  with  loss  of  electric  irritability. 
There  is  usually  at  first  incontinence,  afterwards  retention  of  urine, 
but  the  former  is  persistent  if  the  lumbar  centres  are  damaged. 
Cystitis,  bedsores,  &c.,  may  supervene.  Ultimately,  if  the  damage  is 
above  the  lumbar  enlargement  and  the  patient  lives,  there  may  be 
increased  myotatio  irritability  in  the  limbs,  progressing  to  spasm,  so 
that  spastic  paraplegia  results.  In  many  cases  in  which  the  knee-jerk 
is  at  first  lost  it  may  be  months,  or  even  years,  before  it  returns. 

SpedaJ  symptoms  result  when  the  injury  is  in  certain  parts  of  the 
spine.  Fracture  of  the^«^  two  cervical  vertehrm  causes  instant  death, 
unless  the  displacement  is  very  slight,  and  even  then  there  is  imminent 
danger  of  further  displacement,  with  the  most  serious  consequences, 
on  any  incautious  voluntary  movement.  With  slight  displacement 
persons  have  been  known  to  live  for  weeks,  and  then  die  from  secon- 
dary myelitis ;  they  have  even  recovered  altogether.  Now  and  then 
there  is  no  compression  of  the  cord,  although  there  is  distinct  displace- 
ment, even  sufficient  to  be  recognised  in  the  pharynx  (Leyden).  In 
such  a  case  death  ha^  resulted  at  a  later  period  from  caries.  The 
characteristio  symptoms  are  local  pain,  increased  by  all  movements 
(which  are  rendered  almost  impossible),  displacement,  and  spinal 
symptoms.  The  latter  may  be  slight — ^merely  difficulty  in  breathing 
or  swallowing— K>r  considerable,  and  involving  the  trunk  and  limbs. 
Sometimes  there  is  hyperpyrexia.  Not  more  than  one  case  in  fifty 
recovers. 

Middle  Cervical  Vertebrm. — ^The  third,  fourth,  and  fifth  vertebrso  are 
most  frequently  fractured.  When  the  injury  to  the  cord  is  consider- 
able, death  usually  occurs  very  rapidly,  because  the  roots  of  the  phrenic 
nerve  are  involved,  the  intercostals  being  necessarily  paralysed  with 
the  parts  below.  In  some  cases  there  is  little  immediate  displacement, 
and  the  symptoms  are  slight  until  further  displacement  occurs  in 
some  movement.  Thus  a  man  who  had  met  with  an  injury  of  this 
kind  went  to  be  shaved;  during  the  proceeding,  his  head  was  turned 
on  one  side  by  the  barber,  with  the  unexpected  result  of  causing  dis- 
plaoement  of  the  fractuie,  and  immediate  death.  When  the  fracture 
is  at  the  eeniothdoreal  region,  opposite  the  lower  part  of  the  oervioal 
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before  the  attempt  oyercomes  the  oontractnre.  In  most  cftses,  boir* 
ever*  the  child  ultimatelj  gains  the  power  of  walking,  although  much 
later  than  normal,  and  often  with  some  peocdiarity  of  gait,  sometimet 
a  tendenqr  to  "  cross-legged  progression/'  in  which  one  foot  gets  over 
or  in  front  of  the  other  (Fig.  182),  or  with  a  swinging  oscillation  of 

Fie.  132. 


tlOwlBL 


Fze.  181. — Congenital  gpastio  ptralysu  (cerebral).  Extensor  ipaim  in 
the  legs  excited  bv  a  sen^orj  impr<>Mton.  (Drawn  by  Dr.  EU  R,  Spencer* 
from  a  pbotograph  by  Mr.  Hyde  Marriott.) 

Fia.  182. — Infantile  spastic  paralysis  of  cerebral  oriprin  t  oroes-legged 
progression.     (  Drawn  by  Dr.  Spencer,  from  »  pbotograpb.) 

the  body,  which  may  persist  to  adnlt  life.  The  growth  of  the  l^gs  is 
often  hindered. 

The  arms  do  not  present  tonio  spasm  each  as  is  seen  in  adnlt  cases. 
There  may  be  a  choreoid  disorder  of  moYement,  spontaneous  irregular 
movements  with  inco-ordination,  but  in  the  cases  that  can  fairlj  be 
called  ''  spastic  paraplegia "  the  arm  symptoms  are  slight.  When 
considerable  the  condition  is  often  termed  "double  athetosis.**  Its 
characters  are  described  in  Yol.  II. 

Transitional  forms  are  met  with  which  constitute  gradations  between 
primazy  spastic  paraplegia  and  other  degenerations  of  the  spinal  cord. 
Slight  inco-ordination  may  co-exist  in  cases  approximating  the ''  ataxic 
paraplegia  "  described  in  the  next  section.  Cases  may  begin  as  pure 
tabes,  and  indications  of  lateral  sclerosis  may  be  superadded.  Slight 
muscular  wasting  in  the  arms  may  be  associated  with  indications  of 
lateral  sclerosis  in  the  legs,  and  constitute  a  transition  to  the  form  of 
spinal  muscular  atrophy  to  which  the  name  "amyotrophic  lateral 
sclerosis"  has  been  given.  Very  rarely  considerable  muscular 
wasting  succeeds  spasm  in  the  same  part.  Spastic  paraplegia  also 
is  often  the  early  stage  in  cases  which  afterwards  develop  other 
symptoms  characteristic  of  disseminated  sclerosis.     Nystagmus,  how* 
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erer,  as  lias  already  been  stated,  may  occur  in  cases  otherwise  offering 
no  symptoms  except  those  of  lateraJ  column  affection.  Unequiyocal 
symptoms  of  syringomyelia  have  also  been  known  to  develop  in  a 
case  which  presented  in  its  earlier  stages  the  characteristic  signs  of 
primary  lateral  sclerosis.* 

Lateral  sclerosis  of  the  spinal 
cord  (like  posterior  sclerosis) 
often  forms  part  of  the  morbid 
process  that  underlies  general 
paralysis  of  the  insane.  In  some 
oases  of  this  character  the  mental 
symptoms  are  extremely  slight, 
and  the  case  may  have  the 
aspect  of  a  primary  spinal  dis- 
ease, with  slight  mental  failure 
complicating  it. 

The  course  of  characteristio 
cases  of  primary  spastic  para- 
plegia is  thns  Tory  chronic.  The 
malady  may,  at  any  stage,  cease 
to  advance.  Slight  symptoms 
may  remain  stationary  for  twenty 
years.  Often,  however,  arrest 
only  occurs  when  the  disease 
has  reached  a  considerable  de- 
gree. It  is  perhaps  the  least 
dangerous  to  life  of  any  chronic 
spinal  disease.  Even  secondary 
Iddney  trouble  scarcely  ever  oc- 
curs; perhaps  the  excessive  re- 
flex action  may  save  the  bladder 
from  injurious  over-distension. 
It  is  when  other  elements  of 
the  cord  suffer  that  dangerouB 
complications  ensue. 

PATHOLOaiOAI.  An ATOXT. — In 

the  fact  just  stated  we  probably 

have  an  explanation  of  the  silence  of  morbid  anatomy  on  the  subject  of 
uncomplicated  lateral  sclerosis.  "  Nee  silet  mors,"  the  apt  motto  of  the 
^Pathological  Society,  is  true  chiefly  of  disease  that  kills.  Complete 
flegeneration  of  the  pyramidal  tracts,  anterior  as  well  as  lateral,  is 
met  with  chiefly  in  cases  in  which  the  anterior  ganglion-cells  and  motor 
nerves  are  also  diseased*  although  in  some  instances  the  amount  of 
this  disease  is  small,  and  limited  to  the  cervical  region.    An  instance 

•  Charcot,  'Pkt>gr^  MMioal/  1891. 

t  I  am  indebted  for  theit  Motions  to  Dr.  DrMohfeldt  who  has  published  the  case 
C  Britbh  Med.  JonmaL,'  Jan.  SOth,  1881). 
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Fl0. 188.— Selerosis  of  the  latenland  Cm 
the  cervical  region  anterior)  pyrsmiaal 
tracts,  with  slight  degeneration  of  the 
anterior  cornuH.  A«  cenrical|  By  dor* 
Md|  C^  lumbar  sectione.t 
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of  such  degeneration  is  shown  in  Fig  133.  The  degeneration  in  the 
lumbax  enlargement  is  usually  limited  to  the  lateral  tract,  but  the 
anterior  tract  may  be  affected  higher  up  the  cord,  as  in  Fig.  133,  ▲.  The 
lateral  sclerosis  is  boimded  extemallj,  in  the  dorsal  and  oervical 
regions,  by  the  normal  direct  cerebellar  tract,  and  internally  by  the 
narrow  "  lateral  limiting  layer "  which  intervenes  between  ihe  pyra- 
midal tract  and  the  intermediate  grey  matter  There  is  the  usual 
increase  of  connective  tissue  and  wasting  of  nerve-fibres.  In  many 
cases  granule-cells  are  abundant  in  the  affected  area.  They  are 
always  present  in  cases  of  short  duration,  and  mdicate  the  stage 
rather  than  the  nature  of  the  process.  The  degeneration  probably 
begins  in  all  cases  in  the  nerve-elements  themselves.  In  most  cases 
many  nerve-fibres  can  still  be  seen,  scattered  through  the  sclerosed 
area;  most  of  them  are  fibres  which  lie  in  the  pyramidal  tract, 
but  do  not  belong  to  it.  The  degeneration  of  the  tract  has  been 
traced  through  the  medulla,  pons,  and  cerebral  hemispheree  to  the 
motor  cortex,  in  which  indications  of  degeneration  hare  also  been 
found.  This  degeneration  through  the  brain  was  traced  in  one  case 
in  which  the  disease  of  the  anterior  comua  was  slight,  the  wasting 
was  limited  to  the  hand  muscles,  and  the  spastic  paralysis  began  ia 
the  legs  and  then  invaded  the  arms.*  Such  a  case  is  almost  a  pure 
degeneration  of  the  whole  of  the  first  segment  of  the  motor  patL 


Fxe.  184. — Bclerosis  of  the  pyramidid  tracts,  lateral  and  antetlori  doral 
region.    From  a  caie  of  miucular  atrophy. 

The  degeneration  of  the  pyramidal  tracts  is  well  shown  in  Tig.  184^ 
from  a  case  of  progressive  muscular  atrophy.  The  anterior  and 
lateral  tracts  are  entirely  degenerated,  and  the  sclerosis  stops  ab* 
ruptly  at  the  outer  margin  of  the  lateral,  but  in  front  extends  for- 

•  Kojewnikoff,  'Arch,  de  Nearolog^,'  188S,  No.  18. 
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wards,  probably  in  tbe  short  fibres  that  connect  tbe  anterior  oomn 
at  different  levels.  In  other  cases,  in  which  the  anterior  ganglion- 
cells  were  normal,  the  sclerosis  has  not  been  limited  to  the  pyra- 
midal tracts ;  the  anterior  columns  have  been  also  sclerosed  in  the 
lumbar  region  of  the  cord.*  The  direct  cerebellar  tract  and  pos- 
terior Tesicular  columns  have  been  also  found  degenerated  with  the 
pyramidal  tract,  and  an  annular  sclerosis  of  the  periphery  of  the 
antero-lateral  column  has  been  f oimd  in  several  cases.f  More  frequent 
still  is  a  combination  with  degeneration  of  the  posterior  columns, 
described  more  fully  in  the  next  section.  In  most  of  these  combined 
cases  the  degeneration  has  lessened  in  the  upper  part  of  the  cord.  In 
one  case,  at  least,  the  white  columns  of  the  cord  have  been  found 
healthy.  The  probable  significance  of  this  fact  has  been  already  stated 
(p.  491).  It  should  be  remarked,  however,  that  there  seems  sometimes 
to  be  a  tendency  for  the  morbid  process  to  extend  beyond  the  pyra- 
midal tracts  in  a  manner  that  suggests  a  greater  tendency  for  the 
secondary  connective-tissue  changes  to  take  on  an  independent 
invasive  activity  than  in  other  system  diseases.  (See  also  Ataxic 
P^uraplegia.)  Another  point  that  deserves  mention  is  the  occasional 
occurrence  of  lateral  sclerosis  in  association  with  insular  sclerosis.  In 
some  cases  of  this  character  the  degeneration  of  the  pyramidal  tracto 
is  purely  secondary,  the  result  of  the  damage  to  the  pyramidal  fibres 
by  an  islet  of  sclerosis  situated  in  some  part  of  their  course.  But  it 
does  not  appear  that  this  explanation  can  be  given  of  all  cases.  In 
some  instances  the  sclerosis  of  the  pyramidal  tract  appears  to  be  inde- 
pendent and  coincident.  A  similar  association  of  insular  and  posterior 
sclerosis  has  also  been  observed;  and  such  combinations  reoeive 
additional,  emphasis  from  the  fact  that  insular  sderosia  may  be 
accompanied  by  a  primary  atrophy  of  the  optic  nerve,  similar  to  what 
occurs  in  tabes,  although  probably  not  identical.  These  facts  malce  it 
probable  that  lateral  sclerosis,  although  a  system  disease,  is  often  one 
of  less  strict  features  than  tabes,  having  some  tendenqr  towards 
chronic  myelitis.  We  shall  see  that  this  is  true  also  of  ataxic 
paraplegia. 

The  probable  mechanism  of  the  symptoms  that  give  the  dominant 
characters  to  the  malady  have  been  considered  in  the  general  account 
of  the  symptoms  of  disease  of  the  spinal  cord.  The  most  important  fact 
is  that  the  degeneration,  whatever  its  upward  extent,  always  involves 
the  lowest  part  of  the  pyramidal  segment,  because  it  seems  to  begin 
in  this  and  ascend  the  fibres.  Hence  the  intra-comual  termination 
must  always  be  involved.    This,  it  is  assumed,  is  the  structure  that 

*  At  in  a  eaie  recorded  as  one  of  spastic  paraplegia  by  Hopkins  ('  Brain,'  Oct., 
1883),  bnt  this  wae  an  example  of  combined  lateral  and  posterior  sclerosis  (ataxic 
parHplegia).  An  illastvation  of  the  changes  in  this  case  is  given  in  the  next 
•eetion. 

t  Direct  oerebellar  and  pyramidal  tnuste  in  a  ease  by  Minkowski,  in  which  tfat 
disease  rapidly  taooeeded  syphilis  |  annnlar  sdjitMis  by  Westphal  (see  Ataxic 
Paraplegia). 
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controls  the  muscle- reflex  centre,  and  the  consequent  loM  of  eontrd 
explains  the  excess  of  mjotatic  irritability  and  the  progressive  spasm, 
progressire  bj  what  may  be  termed  a  functional  hypertrophy  result- 
ing from  continuous  over-action.  When  there  is  the  rare  conBecutive 
wasting  of  muscles  we  must  conceive  that  the  degeneration  involves  also 
the  ganglion-cells  and  lower  segment  of  the  motor  path ;  when  there 
is  coincident  wasting  of  other  muscles  than  those  that  arc  the  seat  of 
spasm,  it  would  seem  that  some  elements  of  this  lower  segment  are 
the  seat  of  a  primary  degeneration.  The  slighter  muscular  wasting 
without,  or  with  only  trifling,  change  in  electrical  irritability,  is  the 
expression  of  a  slighter  alteration  in  the  nutrition  of  the  cells  and  fibres, 
without  actual  destructive  degeneration. 

Diagnosis. — ^The  diagnosis  rests  on  the  combination  of  weakness, 
excess  of  myotatic  irritability,  and  spasm— on  the  gradual  onset  of 
these  symptoms — and  also  on  the  absence  of  indications  of  a  focal 
lesion.  An  acute  onset,  occupying  a  few  days  or  weeks,  is  prima 
facie  evidence  of  a  lesion  that  takes  the  case  out  of  the  category  of 
degenerative  disease.  In  most  acute  cases  there  is  other  evidence  of  a 
focal  lesion,  extending,  at  some  level,  beyond  the  limits  of  the  motor 
path.  Such  indications  are  initial  impairment  of  sensation,  or  a 
girdle-pain.  The  latter  indicates  irritation  of  the  posterior  root-fibres 
at  a  certain  level,  and  proves  that  at  that  level  the  disease  extends 
beyond  the  limits  of  the  pyramidal  tracts.  Spastic  paraplegia  is 
common  after  such  lesions,  but  is  secondary  and  not  primary. 

Although  marked  sensory  symptoms,  in  a  case  that  presents  the 
symptoms  and  course  of  primary  lateral  sclerosis,  are  thus  evidenoe 
that  the  sclerosis  extends  beyond  the  motor  tracts,  and  that  the  case 
is  not  one  of  pure  lateral  sderosis,  it  is  doubtful  what  significanoe 
is  to  be  attached  to  very  slight  sensory  symptoms,  such  as  slight  sub- 
jective sensations  of  dull  pain,  formication,  A>o,,  when  they  exist  alone. 
It  is  possible  that  they  are  due  to  functional  disturbance  in  the  sen- 
sory nerve-elements,  and  do  not  imply  structural  disease  outside  the 
motor  area.  They  are  not  followed  hj  any  more  pronounced  ssDSOiy 
symptoms. 

The  absence  of  objective  unsteadiness  is  the  chief  distinction  from 
ataxic  paraplegia  (q.  v.).  When  this  is  slight  it  may  be  dif&oolttosay 
in  which  class  a  case  should  be  placed.  There  are  no  doubt  intermediate 
cases  in  which  there  is  a  very  slight  degree  of  the  additional  lesion  that 
exists  in  ataxic  paraplegia,  but  the  distinct  objective  character  of  the 
ataxy  is  the  best  criterion.  Considerable  muscular  wasting  in  any  part 
is  commonly  regarded  as  bringing  the  case  into  another  categoiy,  that 
of  "  amyotrophic  lateral  sclerosis  " ;  but  some  cases  of  the  kind,  in 
which  the  wasting  is  confined  to  a  few  muscles,  resemble  more  dosdy 
the  cases  we  are  now  considering  than  they  do  those  with  wide-spread 
and  extreme  muscular  atrophy.  These  cases  are  further  considered 
in  the  account  of  progressive  muscular  atrophy. 

Primary  spastic  paralysis  is  not  uncommon  in  those  who  are  at  the 
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age  and  of  the  Bex  at  which  hysteria  prevails,  and  there  is  no  form  of 
cord  disease  that  is  so  often  mistaken  for  hysterical  paraplegia.  The 
mistake  is  facilitated  by  the  perfect  muscnlar  nutrition.  But  the 
mistake  ought  not  to  occur,  as  the  peculiar  extensor  character  of  the 
spasnit  lessening  with  flexion,  is  distinctiye;  nothing  resembling  it 
ever  occurs  in  hysterical  paraplegia.  When  the  spasm  ia  trifling  or 
absent,  as  in  slight  and  early  cases,  the  diagnostic  difficulty  is  much 
greater,  and  is  increased  by  the  fact  that  slight  excess  of  myotatic 
irritability  occurs  in  some  cases  of  so-called  hysterical  paralysis.  But 
this  scarcely  ever  reaches  the  degree  necessary  to  give  rise  to  a  true 
foot-clonus  or  a  rectus-clonus.  There  may  be  a  slight  clonus  pro- 
duced through  a  voluntary  depression  of  the  foot  of  the  patient  in 
response  to  the  passive  flexion  of  the  ankle,  and  readily  recognised ; 
or  a  true  clonus  may  be  obtainable  during  hysterical  contracture,  but 
apart  from  such  contracture  a  true  foot-donus  or  a  rectus-clonus 
deserves  the  greatest  weight,  as  all  but  conclusive  evidence  of  organic 
disease.  I  have  known  many  mistakes  in  diagnosis,  in  which  lateral 
sclerosis  was  mistaken  for  hysterical  paraplegia  owing  to  disregard  of 
the  evidence  afforded  by  this  symptom,  but  I  have  never  known  the 
opposite  error  from  imdue  regard  to  this  symptom.  Moreover 
an  excess  of  myotatic  irritability  in  so-called  hysterical  paralysis  must 
depend  on  more  than  functional  disease.  There  must  be  changes  in 
nutrition,  and  consequent  persistent  defective  control  of  the  muscle- 
reflex  centres.  On  the  hypothesis  that  I  have  advanced,  this  control 
is  exerted  by  the  termination  of  the  pyramidal  fibres,  t.  e.  of  the  upper 
motor  segment,  by  the  structures  d^;eneration  of  which  probably 
causes  spastic  p4rar)legia.  A  case  is  actually  on  record  (the  case  of 
lateral  sclerosis  described  by  Charcot  in  1865)  in  which  an  initial 
hysterical  paraplegia,  cured  suddenly  and  rcJapsing  on  emotion, 
passed  ultimately  into  lateral  sclerosis.  Similar  cases  of  initial 
hysterical  paraplegia  frequently  develop  all  the  characters  of  dis- 
seminated sclerosis. 

When  the  arm  and  leg  suffer  on  one  side  only,  the  disease  may  be 
mistaken  for  cerebral  hemiplegia.  There  is  not,  however,  any  affection 
of  the  face,  which,  although  theoretically  conceivable,  is,  as  a  matter 
of  fact,  always  absent.  The  limbs  on  the  other  side  are  never  quite 
normal,  but  present  slight  symptoms — ^weakness  and  an  excess  of 
myotatic  irritability— similar  to  those  on  the  affected  side,  which 
indicate  the  nature  of  the  malady. 

The  diagnosis  of  the  congenital  infantile  form  is  only  difficult  when 
the  observer  is  unaware  of  the  occurrence  of  these  cases.  A  slight 
degree  of  inco-ordination  in  the  hands  will  usually  be  found  if  they  are 
carefully  watched  while  the  patient  takes  hold  of  some  object.  The 
wide  separation  and  irr^^ar  movement  of  the  fingers  is  very  charac- 
teristic Chronic  primary  cord  diseases  are  almost  unknown  in  young 
children.  Caries  of  the  spine  is,  in  them,  the  chief  cause  of  para- 
plegia ;  and  the  definite  onset  of  the  paralysis,  in  a  previously  healthy 
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child,  is  an  absolnte  distinction  from  the  cases  of  birth-palsj*  Other 
diagnostic  indications  are  described  in  Yol.  II  (Infantile  Meningeal 
Haemorrhage).  A  definite  onset  also  distinguishes  glioma  of  tha 
pons,  which  may  likewise  cause  spastic  paralysis  of  arms  and  legs. 

Pbognosis. — ^In  primary  lateral  sclerosis  there  is  some  prospect  of 
arrest,  and  eren  of  improYoment,  if  the  disease  has  not  reached  an 
advanced  stage.  Actual  Tecovery  is  rare,  but  does  sometimes  occur  in 
early  cases.  When  the  spastic  state  is  well  developed  and  has  lasted 
for  some  time  it  is  very  rare  to  obtain  more  than  arrest.  This  is, 
peihaps,  due  rather  to  tiie  tendency  of  the  disease  than  to  its  d^ree, 
since  a  similar  condition  that  is  secondary  to  a  focal  lesion  often 
passes  away  completely ;  and  many  facts  diow  that  it  is  not  likely 
that  there  is  anything  in  the  nature  of  the  lesion  to  preclude  the 
restoration  of  a  normal  condition  luitil  dense  connective  tissue  has 
replaced  the  nerve-elements.  In  the  cases  that  improve  most,  it  is 
possible  that  the  disease  is  limited  to  the  terminal  structures.  We 
have  not,  at  present,  any  guide  to  the  prognosis  in  an  individual  cascb 
besides  its  duration  and  degree,  except  its  observed  tendency,  especially 
under  treatment.  The  prognosis  of  the  infantile  form  is  considered 
m  Yol.  II. 

Tbeatmbnt. — So  far  as  drugs  are  concerned,  the  treatment  is,  to  a 
large  extent,  the  same  as  that  of  posterior  sclerosis,  already  described. 
The  drugs  most  useful  are  the  same,  but,  unfortunately,  their  influence 
is  less  f requentiy  appreciable.  Nux  vomica  and  strychnine  have,  how- 
ever, to  be  given  with  caution,  and  in  very  minute  doses,  as  they  have 
a  tendency  to  increase  the  spasm.  In  severe  cases  this  is  a  most 
distressing  symptom,  and  often  not  amenable  to  any  influence. 
Bromide  sometimes  lessens  it  slightiy,  but  even  large  dosee  of 
bromide  have  but  a  trifling  effect.  Indian  hemp,  belladonna^  and 
Calabar  bean  may  be  tried,  but  seldom  have  a  distinct  influence.  One 
of  them  may  be  combined  with  arsenic,  or  whatever  metallic  agent  is 
employed.  Absolute  rest  is  sometimes  of  service,  and  occasionally 
seems  to  produce  improvement,  which  all  treatment  failed  to  effect 
while  the  patient  was  walking  about.  The  avoidance  of  fatiguing 
exertion  is  a  very  important  element  in  treatment,  and  often  seems  to 
permit  medicines  to  do  good,  which  before  were  counteracted.  Rub- 
bing is  also  beneficial  in  some  cases.  Its  influence  on  the  spasm  is 
often  very  distinct  during  the  process,  and  a  long  course  of  rubbing 
has  produced  a  permanent  improvement  in  the  spastic  condition. 
Upward  rubbing  seems  to  have  more  influence  than  kneading  the 
muscles.  If  there  is  contracture  of  the  calf-muscles,  the  foot  should 
be  pressed  up  while  these  muscles  are  rubbed.  When  there  are 
facilities  for  it,  the  rubbing  may  advantageously  be  combined  with 
sweating  in  the  Turkish  bath.  In  one  case,  of  moderate  degree,  abnost 
all  the  symptoms  passed  away  after  a  long  course  of  Turkish  baths, 
arsenic  being  also  given.  The  patient,  who  could  at  first  walk  scarcely 
half  a  mile,  became  able  to  walk  several  miles  without  fatigue,  and  tha 
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improTement  was  permanent.  Electricity  is  useless  in  the  pnre  disease. 
Faradism  and  all  painfal  applications  are  harmful,  stimulating  further 
the  already  excessive  excitability  of  the  reflex  centres.  The  constant 
current  to  the  muscles,  or  from  the  spine  to  the  muscles  or  to  the  feet 
in  water,  has  no  distinct  influence  in  either  lessening  the  spasm  or 
improTing  the  strength.  The  actual  cautery  is  in  many  cases  moat 
benefidaL 

In  the  infantile  form,  drugs  are  useless.  Bubbing  is  desirable,  and 
can  be  efficiently  performed  by  the  nurse  or  mother.  Carefully  planned 
gymnastic  exercises  are  also  useful  The  tendo  Achillis  is  sometimes 
divided  for  the  contracture  of  the  calf  muscles,  but  the  operation  is 
useless  and  ought  never  to  be  performed.  Supports  help  the  child  to 
walk  somewhat  sooner  than  it  would  without  their  aid,  and  so  hasten 
improvement,  but  they  should  only  be  employed  when  there  is  su£&cient 
power  and  control  to  make  them  useful  by  enabling  the  will  to  effect 
ordered  movements. 

Family  Form  of  Spastic  Pabaltsib. 

Oases  in  which  the  usual  symptoms  of  spastic  paralysis  have  been 
present  in  several  members  of  the  same  family,  occasionally  in  different 
generations,  have  been  described  by  Erb,*  Strumpell,t  Bernhardt,! 
Newinark,§  Baymond,  Sougues,||  Qee,%  Tooth,**  and  others.  Occa- 
sionally to  the  symptoms  of  the  cord  affection  evidence  of  bulbar 
involvement  has  been  added,  and  the  condition  has  probably  been 
dependent  upon  some  congenital  weakness  of  the  pyramidal  tracts 
and  their  correlated  structures,  predisposing  them  to  premature  decay. 
Optic  atrophy  has  also  been  met  with.  The  condition  is  further  briefly 
alluded  to  in  the  chapter  on  Hereditaiy  Atajgr  (g.  v.)« 
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(OOMBimBB  LATEBAL  AND  POBTBBIOS  SCLBB08I8.) 

The  term  ataxic  paraplegia  seems  the  most  accurate  clinical  designa- 
tion for  a  disease  of  the  spinal  cord  which  presents  a  combination 
of  the  symptoms  of  paraplegia  and  ataxy,  and  consists  in  combined 

•  •  Deut.  ZUch.  f.  N«ff veaheiik./  Bd.  ?L 
t  Ibid.,  Bd.  iv. 
J  *  Virch.  Archiv,*  cxxvi. 

f  *  Ainer.  Jouro.  Hed.  Sd./  1898;  «Med.  Newib'  1887. 
II  'Sem.  MM./I896. 
^  *St.  BMrt.'s  Hosp.  BeporU/  xxt, 
••  Ibid.,  zxvii. 
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disease  of  the  posterior  and  lateral  columns.  Althongli  its  eHnical 
features  present  some  rarieties,  and  maj  approach  those  of  each  of  its 
constituent  forms  of  disease,  yet  in  the  majority  of  cases  the  symptomB 
are  uniform,  and  sufficiently  characteristic  to  justify  the  distinction 
of  the  disease  and  its  separate  description.  As  early  as  1867  Wesi- 
phal  described  combined  sclerosis  of  lateral  and  posterior  oolmnns  in 
general  paralysis.  Erb,  yon  Leube,  Prevost,  Pierret,  and  others, 
during  the  next  ten  years,  published  cases  definitely  showing  the 
simultaneous  occurrence  of  sclerotic  changes  in  the  lateral  and  pos- 
terior columns.  Yon  Leyden,  in  his  book  on  spinal  cord  diseases  in 
1875,  briefly  referred  to  the  condition  as  one  of  "  combined  sclerosis 
of  the  posterior  and  lateral  columns,"  and  mentioned  a  case  which  he 
had  seen.  The  first  systematic  description  of  the  condition,  howsTer, 
was  that  giyen  in  1877  by  Kahler  and  Pick  in  an  article  on  "  Com- 
bined System  Affection  of  the  Spinal  Cord."  C.  Westphal  next  pub- 
lished a  paper  on  "  Combined  Affection  of  the  Tracts  of  the  Spinal 
Cord,"  in  which  fire  cases  were  described.  Later  Dana,  in  America, 
described  similar  cases ;  Grasset,  going  on  clinical  features,  described 
a  similar  condition  as  "  ataxo-spastic  tabes  "  and  Dejerine  as  "  ataxo- 
paraplegic  tabes."*  In  the  first  edition  of  this  book,  published  in 
1886,  a  condition,  similar  both  clinically  and  pathologically,  of  which 
the  writer  had  seen  several  cases,  was  described  under  the  name  of 
ataxic  paraplegia,  a  descriptiye  title  indicating  the  combination  of 
paraplegic  weakness  with  ataxy. 

Causes. — Neurotic  heredity  is  to  be  traced  only  in  a  small  propor- 
tion of  the  cases — about  one  tenth.  A  history  of  syphilis  is  as  rare 
as  it  is  frequent  in  pure  tabes.  Males  suffer  much  more  frequently 
than  females.  The  disease  usually  commences  between  thirty  and 
forty,  but  I  haye  known  it  to  begin  as  early  as  nineteen  and  as  late 
as  fifty-two,  while  commencement  at  fifteen  t  and  at  sixty-one  J  is  on 
record.  Exposure  to  cold  is  to  be  traced  occasionally  as  an  exciting 
cause.  In  one  young  lady  the  symptoms  commenced  after  a  season 
of  balls,  at  which  when  heated  she  would  habitually  sit  at  open 
windows,  and  often  sleep  in  clothes  saturated  with  perspiration.  In 
a  few  cases,  severe  exertion,  such  as  excessive  athletics,  has  been  the 
apparent  cause.  A  severe  concussion  of  the  spine  has  sometimes  pre- 
ceded the  first  symptoms  by  a  few  months.  The  disease  may  also 
follow  great  sexual  excess.  In  many  cases  no  cause  can  be  tiaced, 
immediate  or  remote.  Its  general  etiology  thus  resembles  that  of 
simple  spastic  paraplegia. 

•  See  Prevost, '  Arch,  de  Physiologie,'  t.  iv;  Pierret,  ib.;  Babesiea,  'Yirehow*! 
Arcbiv,'  Bd.  Ixxvi ;  Kahler  and  Pick,  •  Arch,  f .  Psychiatple,'  Bd.  viii ;  Westphal,  ib., 
Ud.  via  and  x ;  Dana,  *  New  York  Med.  Record,'  July  2, 1887  ;  and  Clarke,  *  Brain,* 
1800.  As  to  Dejerine's  description  see  Ladame,  '  Brain/  1890,  p.  680;  Oraatet, 
'  Maladies  du  Systeme  nerveux ;'  Montpellier,  1894. 

t  Oppenheim,  '  Neur.  Cent.,'  1888.  p.  647.  8noh  early  cas«  aru  geuerall| 
isolated  forms  of  «*  Hereditary  Ataxy." 

J  Suckling,  'Ijancet,*  1880. 
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Stmptoms. — The  onset  of  the  diseaae  is  usuallj  slow  and  gradual, 
two  or  three  years  passing  before  walking  power  is  much  impaired ;  it 
is  rarely  subacute,  so  as  to  reach  a  considerabb  degree  in  two  or  three 
months.  The  early  symptoms  resemble  those  of  spastic  parapl^a, 
with  the  addition  of  ataxic  unsteadiness,  which  may  be  at  first  the 
most  prominent  symptom.  The  legs  suffer  first,  often  alone,  or  the 
arms  may  also  be  inyolved.  The  patient  finds  that  he  tires  more 
readily  than  before,  and  also  becomes  unsteady  on  turning  or  walking 
in  the  dark,  and  these  symptoms  gradually  increase.  The  weakness 
may  be  slight,  but  if  all  the  morements  are  tested,  a  defect  in  power 
will  be  found  in  some,  often  most  in  the  flexors  of  the  knee  and  hip, 
«nd  frequently  more  in  one  leg  than  the  other.  The  patient  is  unsteady 
when  he  stands  with  feet  together,  and  he  tends  to  fall  if  the  eyes 
ajre  then  closed.  If  the  feet  are  bare,  the  irr^;ular  action  of  the 
muscles  is  shown  by  the  movement  of  the  tendons  on  the  dorsum  of 
the  foot,  as  in  tabes.  In  early  cases,  the  inco-ordination  is  revealed 
by  the  patient's  gait,  which  is  distinctly  unsteady.  There  is  rarely 
the  high  moYoment  and  sudden  descent  of  the  feet  often  seen  in 
tabes,  but  (as  in  many  cases  of  tabes)  the  patient  is  unsteady,  reels 
on  turning,  and  has  often  to  bring  his  foot  suddenly  to  the  ground  to 
maintain  his  equilibrium.  He  may  eyen  haye  to  steady  himself  with 
a  stick,  or  to  catch  hold  of  some  adjacent  object,  to  save  himself  from 
falHng.  The  ataxy  is  equally  evident  when  he  lies,  and  attempts,  his 
eyes  being  closed,  to  touch  some  object  with  his  foot. 

The  sensory  and  reflex  symptoms  present  a  marked  contrast  to  those 
of  tabes.  Lightning  pains  are  almost  always  absent ;  I  have  only  met 
with  them  in  one  case,  and  in  this  they  were  a  transient  symptom. 
Sometimes  there  is  a  slight  dull  pain  in  the  legs,  felt  especially  on 
fatigue.  Dull  pain  in  the  sacral  region  or  in  the  spine  is  not 
uncommon,  and  is  often  an  early  symptom.  The  sacral  pain,  indeed, 
is  sufficiently  frequent  to  deserve  special  note.  A  girdle-pain  is  met 
with  only  in  rare  cases.  As  a  rule  there  is  no  loss  of  sensation  either 
on  the  legs  or  trunk.  HypersBsthesia  is  equally  rare.  Beflex  action 
from  the  sole  may  be  normal  or  increased;  less  commonly  it  is 
diminished.  The  cremasteric  and  abdominal  reflexes  are  sometimes 
lost.  The  most  striking  difference  from  tabes,  however,  is  in  the  con- 
dition of  myotatic  irritability,  which,  in  the  vast  majority  of  cases,  is 
greatly  increased.  The  knee-jerk  is  quick  and  extensive ;  it  can  be 
obtained  from  above  (see  p.  22),  and  there  is  generally  a  distinct 
rectus-donus.  The  foot-donus  is  also  commonly  to  be  obtained.  This 
myotatic  excess  persists  and  increases,  and  when  the  arms  are  involved 
they  present  symptoms  similar  to  those  in  the  legs — inco-ordination, 
weakness,  and  marked  excess  of  the  myotatic  irritability. 

There  may  be  conspicuous  ataxy  of  the  hands,  and  a  tendency  to 
cramp-like  spasm  on  an  attempt  to  use  them.  The  muscles  in  both 
arms  and  legs  are  usually  well  nourished. 

Sexual  power  is  often  lost  early  in  the  disease.    The  sphincters  may 
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be  impaired,  Bometimes  early,  bat  they  also  often  esoape.  Ab  in  other 
diseases,  inability  to  empty  the  bladder  is  apt  to  develop  insidionsly, 
without  the  patient's  Imowledge,  and  the  organ  may  thus  become 
habitually  distended. 

The  iris  usually  acts  to  light,  but  I  hare  seen  loss  of  the  light-reflex 
in  two  or  three  cases,  and  have  once  known  accommodation  to  be  lost, 
the  action  to  light  being  normal.  These  symptoms  occur  chiefly  in 
cases  following  syphilis.  Optic  nerre  atrophy  occurs  only  in  rare 
eases,  far  less  frequently  than  in  tabes ;  I  have  seen  one  case  in  which 
there  were  indications  of  a  retro-ocular  axial  neuritis.  The  external 
ocular  muscles  are  unaffected  as  a  rule,  except  for  nystagmus,  which 
often  exists  on  movement  of  the  eyes,  but  seldom  when  they  are  at 
rest. 

Slight  impairment  of  articulation  is  not  uncommon;  sometimes 
there  are  irregular  tremulous  movements  of  the  face  resembling  those 
of  general  paralysis,  and  this  in  cases  in  which  there  is  no  mental 
change.  Westphal  has  observed  marked  ataxy  of  the  facial  muscles. 
As  a  rule  the  mental  state  is  either  normal,  or  there  is  merely  slight 
&ilure  of  memory. 

As  the  disease  increases,  the  muscular  weakness  and  reflex  spasm 
become  more  and  more  considerable ;  while  the  ataxy,  after  reaching  a 
certain  degree  (not  sufficient  to  prevent  locomotion),  necessarily  sinks 
into  the  background  as  the  paralysis  increases.  With  the  increased 
weakness,  the  aspect  of  the  patient  comes  to  be  that  of  spastic 
paraplegia,  described  in  the  last  section.  Indications  of  unsteadiness 
may  still  be  observed  in  isolated  movements.  The  arms,  if  previously 
free,  may  begin  to  suffer,  but  sometimes  they  escape  altogether.  The 
motor  weakness  may  go  on  to  complete  paralysis.  This  is  quickly 
reached  in  some  cases,  but  so  slow  is  the  usual  progress  of  the  disease 
that  one  patient,  in  whom  the  disease  was  at  no  time  absolutely 
stationary,  was  still  able  to  stand,  after  eight  years.  In  spite  of  H^ 
progress  of  the  weakness,  sensation  remains  unimpaired,  and  the 
cranial  nerves  do  not  suffer. 

The  symptoms  present,  in  some  cases,  variations  from  this  type. 
Sensation  on  the  legs  may  be  impaired,  and  the  knee-jerk  may  be  lost. 
These  cases  are,  however,  very  rare,  and  are  probably  cases  of  true 
tabes  with  lateral  sclerosis  added.  Other  cases  occur  in  which  a  girdle- 
pain,  impaired  sensation,  <&c.,  suggest  extensive  changes  in  the  cord, 
although  the  state  of  the  legs  is  that  common  in  the  disease.  Such 
cases,  as  we  shall  see,  are  probably  examples  of  chronic  myelitis,  or  are 
intermediate  between  that  and  ilie  disease  now  under  consideration. 

Ataxic  paraplegia  has  little  tendency  to  cause  death.  Indeed,  the 
i^tal  cases  have,  for  the  most  part,  been  untypical,  and  do  not  convey 
an  accurate  idea  of  the  characters  of  the  disease.  The  chief  danger 
to  life  is  from  the  accidents  common  to  all  chronic  spinal  affections, 
— bedsores,  and  especially  kidney  disease,  from  undiscovered  or 
untreated  imperfect  action  of  the  bladder. 
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Among  complications  the  most  important  are  mental  changes 
resembling  those  of  general  paralysis  of  the  insane,  of  which  indeed 
this  combined  sclerosis  may  form  part.  Slight  muscular  atrophy 
sometimes  occurs.  Arthritis  of  (  doubtful  significance  has  been  ob- 
served. A  patient  of  Westphal's  presented  derangement  of  the 
sympathetic,  and  died  from  peculiar  spasm  of  the  muscles  of  respira- 
tion.   Visceral  crises,  however,  are  practically  imknown. 

Pathological  Anatomy. — In  all  cases,  the  spinal  cord  has  pre- 
sented sclerosis  of  both  posterior  and  lateral  columns ;  but  the  precise 
extent  and  degree  of  the  degeneration  are  subject  to  considerable 
variations.  As  a  general  rule,  the  sclerosis  of  the  posterior  columns 
differs  from  that  of  tabes  in  two  particular/a.  First,  it  is  not  more 
intense,  and  often  it  is  less  intense,  in  the  lumbar  than  in  the  dorsal 
region  of  the  cord.  Sometimes,  indeed,  as  in  the  case  shown  in 
Fig.  135,  in  the  middle  and  lower  parts  of  the  lumbar  region,  the 
posterior  columns  may  be  free  from  sclerosis,  although  it  is  considerable 
in  the  dorsal  region  and  at  the  jimction  of  this  with  the  lumbar 
enlargement  (b).  The  second  difference  is  that  the  sclerosis  has  not 
that  special  mtensity  in  the  root-zone  of  the  postero-extemal  column 
which  characterises  the  lesion  of  tabes.  In  rare  cases  the  whole 
posterior  column  in  the  lumbar  region  is  diseased.  The  part  of  the 
external  column  near  the  commissure  and  near  the  neck  of  the  posterior 
horn  usually  remains  free.  Sometimes  the  degeneration  does  not 
extend  up  to  the  posterior  surface  of  the  cord ;  for  instance,  as  in  the 
case  figured,  it  affects  chiefly  the  middle  three  fifths  of  the  posterior 
columns.  When  the  degeneration  is  considerable,  the  posterior 
median  columns,  in  the  upper  part  of  the  cord,  may  present  the  usual 
ascending  degeneration  of  secondary  origin.  When  the  lesion  is  slight 
in  degree  in  the  lower  half  of  the  cord,  there  may  be  only  a  diffuse 
d^eneration  of  the  columns  in  the  cervical  region,  similar  to  that 
below,  and  not  the  more  intense  limited  affection  of  the  median  part 
which  occurs  when  there  is  a  typical  ascending  degeneration  from  a 
considerable  lesion  of  the  column  lower  down. 

The  degeneration  in  the  lateral  columns  is  also  variable  in  extent 
and  position,  and  is  often  not  strictly ''  systemic  "  in  character,  i.  e.  is 
not  strictly  limited  to  a  single  system  of  fibres,  although  the  pyra- 
midal tracts  are  chiefly  affected.  In  one  or  two  cases,  indeed,  the 
whole  pyramidal  tract,  and  this  alone,  has  been  degenerated ;  but 
more  often  the  sclerosis,  while  intense  in  this  tract,  also  extends  in 
front  of  it  into  the  mixed  zone  of  the  lateral  columns  (Fig.  135,  a,  b). 
A  similar  extension,  however,  is  usually  met  with  in  the  sclerosis  that 
attends  degeneration  of  the  anterior  comua;  compare  Fig.  133.  The 
lateral  limiting  layer,  between  the  pyramidal  tract  and  the  grey  matter, 
may  be  also  invaded.  The  direct  cerebellar  tract  often  escapes,  as  in 
Fig.  135  A  (b  is  below  its  level  of  origin),  but  it  is  affected  in  some  cases. 
Occasionally  a  zone  of  sclerosis  has  existed  in  the  whole  periphery  of 
the  cord,  extending  deeply  into  the  lateral  column  in  the  position  of  the 
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pyramidal  tract.  This  tract  has 
been  found  diseased,  in  some 
degree,  in  all  cases,  and  in 
several  the  extent  of  its  degen^ 
ration  has  been  greater  in  the 
lower  part  of  the  cord  than  in 
the  upper.  The  direct  (anterior) 
tjuct  may  be  affected  as  well  as 
the  lateral,  and  is  commonly  in- 
Tolyed  when  the  lesion  is  consi- 
siderable  in  the  upper  part  of 
the  cord.  As  in  most  other  de- 
generatiye  diseases  of  the  cord, 
there  may  be  some  increase  of 
connective  tissue  in  the  un- 
affected columns.  Asa  rule  no 
morbid  change  has  been  recog- 
nised in  the  grey  matter  or  in 
the  membranes.  In  one  case 
only  was  there  slight  meningitii. 
Disease  of  the  ascending  root  of 
the  fifth  has  been  found  in  some 
cases;*  in  one  there  was  also 
atrophy  of  the  cells  of  the  oculo- 
motor nucleus,  and  the  case 
thus  differed  considerably  from 
the  type.  The  muscles  haye 
been  found  normal. 

Patholoot. — ^The  double  le- 
sion in  the  posterior  and  lateral 
columns  supplies  an  explanation 
of  the  two  sets  of  symptoms 
which  characterise  the  disease. 
Fia.  185.— Ataxic  paraplegft,  combined  The  inoo-ordination  must  be  re- 
K  t  Ct'a^rirf  r^idtSr:    t^rnA  to  the  disease  of  the  po- 

The  posterior  eolamne  are  free  from      tenor  oolunms,  which,  greatest 
sclerosis  in  C,  except  in  their  anterior 
parts;  ill  B  the  disease  involves  the 

middle  and  anterior  parte  of  both  poet-med.  and  pott.-eit.  oolomni  except  in  the 
neighbourhood  of  the  neck  of  the  horn ;  in  A  the  scleroiis  ii  slighter  and  is  con* 
fin^  to  the  middle  three  fifths  of  these  columns.  The  sclerotis  of  the  Uterid 
columns  in  C  is  limited,  on  the  right,  to  the  pyramidal  tract,  on  the  left  it  extends 
in  front  of  this ;  in  B  it  is  very  dense  in  the  whole  lateral  column,  inrolving  not 
only  the  pyramidal  tract  but  the  limiting  layer*  and  part  of  the  *'  mixed  sone;"  in 
A  it  is  similar  in  extent  but  slighter  in  degree.  There  is  some  increase  of  tistoe 
throughout  the  anterior  columns,  and  a  focus  of  soleroeis  near  the  anterior  Aeeort^ 
on  the  right  in  A  and  B,  on  both  tides  in  Cf 


•  Oppenheim,  «Neur.  Cent.,'  1888,  p.  647. 

t  I  am  indebted  to  Mr.  J.  iiopkius  for  the  opportunity  of  drawing  Uiete  eeetkiifl. 
The  patient  wet  a  man  aged  twenty-one,  in  whom  weakneaa  of  the  lege  oommeneed 
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in  the  dorsal  region,  inyolres  there  the  fibres  that  conduct  impulses 
from  the  muscles,  probably  to  the  cerebellum.*  The  effect  most  be 
to  lessen  the  cerebellar  guidance,  and  this  explains  the  resemblance 
of  the  inoo-ordination  to  that  in  cerebellar  disease.  The  fact  that 
the  disease  does  not  extend  into  the  lumbar  root-zone  accounts  for 
the  integrity  of  the  muscle-reflex  action,  and  enables  us  to  understand 
this  marked  difference  from  tabes.  Disease  of  the  direct  cerebellar 
tract  probably  has  an  influence  similar  to  that,  of  the  posterior 
median  columns.  That  interruption  of  the  conducting  path  in 
the  cord  will  produce  inco-ordination  is,  as  we  hare  seen  (p.  258), 
well  established.  The  sdetosis  in  ataxic  paraplegia  occupies  also  the 
region  of  the  cord  in  which  the  short  vertical  fibres  run,  connecting 
the  posfcerior  grey  matter  at  different  levels,  and  it  is  possible  thai 
the  damage  to  these  fibres  may  contribute  to  the  ataxy. 

The  only  recognisable  lesion  that  can  be  regarded  as  the  cause  of 
the  paralysis  is  the  degeneration  of  the  pyramidal  tract.  The  state- 
ments made  regarding  spastic  paraplegia  apply  also  to  the  disease,  and 
need  not  be  repeated.  The  lesion  has  been  found  greater  on  the  side 
on  which  one  leg  was  weaker  than  the  other.  The  variations  in  the 
amount  of  disease,  which  does  not  always  correspond  to  the  degree  of 
palsy,  are  probably  due  to  the  fact  that  the  latter  may  be  caused  by 
degeneration  of  the  termination  of  the  fibres,  which  may  be  much 
greater  than  that  of  the  fibres  higher  up  the  cord.  In  most  cases  that 
have  been  examined,  the  visible  disease  was  greater  in  the  lower  than 
in  the  upper  part  of  the  cord,  increasing  i^m  above  downwards,  a 
fact  which  suggests  that  the  maximum  lesion  is  at  the  lowest  part — 
in  the  terminal  ramification  within  the  grey  matter. 

The  chief  pathological  difficulty  arises  from  the  fact,  which  we  have 
already  considered  in  connection  with  spastic  paraplegia,  that  the 
morbid  process  often  extends  beyond  the  limit  of  the  tracts  chiefly 
diseased.     It  tends  to  assume  a  diffuse  character,  so  that  it  has 

at  twentj,  after  a  wetting,  improved,  and  then  elowlj  inareaied.  He  was  admitted 
a  year  after  the  oneet^  with  considerable  weakneM  of  the  legs,  a  reeling,  unsteady 
gait»  inereased  knee*jerk,  foot-clonnsy  bnt  with  no  ansBsthesia,  wasting  of  mnscles, 
pains,  or  affection  of  the  arms.  The  symptoms  slowly  increased,  paraplegia  liecama 
absolute,  and  the  spasm  very  intense,  sometimes  flexor  and  sometimes  extensor. 
There  was  a  doubtful  impairment  of  sensibility  to  touch  on  the  legs,  bnt  no  loss  to 
pain.  The  sphincters  became  aflfected,  bedsores  formed,  mid  the  patient  died  two 
years  after  the  onset.  Fuller  detaiU  will  be  found  in  'Brain.'  Oetober,  1883, 
p.  888. 

*  Xueb  evidenee  has  been  obtained  of  the  connection  of  the  posterior  median 
columns  with  the  cerebellum  tbrnngli  the  g^ey  matter  of  Its  bulbar  nucleus,  and 
also  of  the  effect  of  interruption  of  these  columns  in  the  dorsal  cord,  in  causing 
incoHvdination  like  that  of  cerebellar  disease.  Besides  the  eiperiments  of  Bech- 
teraw  on  the  latter  point  already  mentioned  (p.  216),  a  reeent  important  investiga- 
tioD  into  tha  connections  of  the  cerebellum  fully  confirms  that  with  the  post.* 
pyramidal  nudrat  (Broseet,  *Contrib.  k  T^tode  des  Conneiions  dn  Cerrelel,'  Fsris, 
1891). 
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been  regarded  by  some  as  rather  a  chronic  myelitis  than  a  sjstem 
degeneration.  It  may  occupy  an  intermediate  position,  and  illustrate 
the  fact  that  there  is  a  close  connection  between  the  primary  decay  of 
nerve-elements  and  the  growth  of  the  connectiye-tiBsae  elements  that 
replace  the  former.  In  a  pure  secondary  degeneration  this  growth  is 
limited  to  the  tract  affected,  but  even  in  tabes  it  may  manifest  some 
degree  of  independence,  which  seems  to  be  still  greater  in  ataxic 
paraplegia.  Sometimes,  indeed,  the  primary  morbid  tendency  may  be 
double,  involving  both  the  nerve-elements  and  interstitial  tissue.  If 
it  so  far  preponderates  in  the  latter  as  to  cause  considerable  changes 
outside  the  tracts  specially  diseased,  and  marked  symptoms,  such  as 
a  girdle-pain  or  loss  of  sensation,  the  condition  is  really  one  of  chronic 
myelitis,  and  the  cases  should  be  so  classified.  This  is  probably  the 
true  solution  of  the  problem,  which  has  been  much  discussed,  whether 
the  malady  is  or  is  not  a  system  disease.  It  is  so  in  typical  cases,  but 
it  is  on  the  border  of  the  group  of  system  diseases,  and  intermediate 
cases  connect  it  with  diseases  of  diffuse  character  and  non-systemio 
nature. 

Diagnosis. — The  diseases  from  which  ataxic  paraplegia  has  to  bo 
distinguished  differ  according  to  the  stage  of  the  disease  at  which  the 
diagnostic  problem  presents  itself.  The  dominant  symptom  in  the 
early  period  is  the  inco-ordination ;  in  the  later  period,  the  spastic 
palsy.  Hence  the  disease  in  the  early  stage  is  liable  to  be  confounded 
with  pure  locomotor  ataxy,  but  the  condition  of  the  knee-jerk,  lost  in 
the  one,  excessive  in  the  other,  is  distinctive.  In  the  raie  cases  of 
early  tabes  in  which  it  is  not  lost,  it  is  never  increased.  In  tabes, 
there  is  not  the  loss  of  power  which  will  always  be  found  in  ataxic 
paraplegia,  and  when  a  clonus  and  extensor  spasm  aro  added,  there 
should  be  no  risk  of  confusion ;  but  it  is  necessary  to  emphasise  the 
distinction,  because  cases  with  much  unsteadiness  aro  frequently 
described  as  tabes  with  preserved  knee-jerk.  From  primary  spastic 
paraplegia  the  diagnosis  depends  on  the  presence  of  inco-ordination, 
or  in  a  history  of  it,  if  voluntary  power  has  become  too  skght  to  be 
susceptible  of  derangement.  Ataxic  paraplegia  is  spastic  paraplegia 
plus  inco-ordination.  The  so-called  "hereditary  ataxy"  presents  a 
close  resemblance  to  ataxic  paraplegia,  and  is,  mdeed,  as  we  shall 
see,  intermediate  between  the  disease  and  true  tabes.  It  is  distin* 
guished  by  its  occurrence  in  several  members  of  the  same  family,  and 
by  the  common  loss  of  the  knee-jerk ;  while  the  presence  of  nysti^- 
mus,  of  some  impairment  of  articulation,  and  of  other  symptoms 
described  in  the  accoimt  of  the  disease,  distinguish  the  isolated  cases 
that  are  sometimes  met  with.* 

The  distinction  from  diffuse  or  focal  chronic  myelitis  depends  chiefly 
on  the  extent  of  the  symptoms  in  the  former,  and  their  limitation  in 

*  The  condition  closely  resembles  that  met  with  as  a  rasolt  of  toxio  iofluence 
probably^  in  conditions  of  annmia,  debility »  &c.  Some  of  the  oases  deaoribed  M 
ataxic  paraplogia  hsve  doubtless  been  of  this  nature  (see  next  seotion). 
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the  latter.  The  subacute  forms  of  myelitis  are  also  distinguished  by 
their  more  rapid  onset.*  The  greatest  difficulty  is  presented  by  oases 
which  hare  a  subacute  onsets  and  the  distinction  from  a  local  myelitis 
inyolying  the  posterior  and  lateral  colunms  may  be  yery  difficult.  It 
depends  chiefly  on  the  progressiye  tendency  of  the  symptoms,  which 
contrasts  with  the  regressiye  tendency  of  myelitis.  It  is  possible  that 
when  there  is  a  degeneratiye  tendency,  a  focal  myelitis  may  set  up  a 
progressiye  degeneration  in  the  columns  concerned,  as  it  certainly  may 
set  up  a  degeneration  limited  to  the  posterior  columns. 

A  tumour  in  the  middle  lobe  of  the  cerebellum  may  cause  unsteadi- 
ness, closely  resembling  that  of  some  cases  of  ataxic  paraplegia,  and 
it  may  also  cause  weakness  of  the  legs  with  increased  knee-jerk,  from 
the  pressure  on  the  pyramidal  fibres  as  they  pass  through  the  pons. 
In  such  cases,  indeed,  we  probably  haye  the  two  elements  of  the 
disease,  produced  in  a  different  manner,  by  lesions  of  difEerent  posi- 
tion. We  haye  a  degeneration  of  the  lateral  columns  which  is  secon- 
daiy  instead  of  primary,  and  we  haye  disease  of  the  co-ordinating 
centre  instead  of  interruption  of  the  path  to  it.  But  the  weakness  in 
the  legs  is  neyer  great  in  cerebellar  tumour,  and  special  symptoms  of 
this  are  neyer  absent.  Occipital  headache,  yomiting,  and  optic  neuritis 
ajre  present  in  most  cases.  In  a  case  in  which  the  pons  is  compressed, 
some  cranial  neryes  are  usually  also  damaged. 

Pbognobib. — The  prognosis  in  ataxic  paraplegia  is  similar  to  that 
in  the  spastic  form,  and  depends  on  similar  considerations,  which  need 
not  be  here  repeated. 

Tax  ATxairT. — ^The  treatment  of  ataxic  paraplegia  is  the  same  as  that 
of  the  allied  diseases,  and  especially  of  spastic  parapl^gia^  to  the  account 
of  which  the  reader  is  referred. 


60LEB0SIS   OF  THE   GOBD  FBOM  TOXIO  BLOOD- 
STATES. 

Peluloba. 

Pellagra  is  an  endemic  malady  which,  though  fortnnately  unknown 
in  this  country,  deseryes  mention  here  on  account  of  the  incidence 
of  its  effects  on  the  spinal  cord.  Its  chief  anatomical  lesion  is  a 
degeneration  of  the  lateral  and  posterior  columns  of  the  cord,  corre- 
sponding closely  to  that  of  ataxic  paraplegia,  and,  as  in  that  disease, 
with  a  greater  affection  of  the  lateral  than  of  the  posterior  columns. 
It  differs,  howeyer,  in  the  fact  that  some  atrophy  of  the  large  nerye- 
cells  of  the  anterior  oomua  is  common,  and  also  in  the  constancy  with 

*  For  •ome  instnicttTa  notei  ou  this  point  in  diagnosii  tM  Drescbf  eld«  *  Bimin,' 
JaaoAO',  1888. 
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wbich  chronio  inflammation  of  tbe  pia  mater  is  met  with,  sometimes 
accompanied  by  the  formation  of  bony  pktes  in  the  arachnoid. 

The  Cause  of  the  disease  appears  to  be  the  action,  on  the  elements 
of  the  spinal  cor  1,  of  an  organised  virus  (or  of  some  product  of  this) 
which  is  taken  into  the  system  with  diseased  or  unripe  maize.     Eren 

spirit  distilled  from  such  unripe  maize 
may  cause  the  disease.  The  distri- 
bution of  the  disease  in  the  north  of 
Italy,  where  the  maize  is  frequently 
gathered  unripe,  is  significant.  The 
yirus  has  been  thought  by  tome  (as 
Lombroso)  to  ba  a  fungus  growing 
in  the  maize ;  by  others  to  be  specific 
micro-organisms  of  other  than  fun- 
goid nature,  present  in  the  maize, 
which  develop  in  the  system  and  pro- 
duce there  the  toxic  agent  that  has  a 
special  action  on  the  nerve-elements 
(Belmondo).  The  researches  of  Tuc- 
zek^  have  clearly  shown  that  the 
change  is  a  sclerosis  of  the  cord  de- 
pendent upon  some  toxic  substance 
occurring  in  diseased  or  unripe  maize. 
The  effects  of  the  poisons  faU«  not  on 
the  peripheral  nervous  system,  bat 
on  the  spinal  cord,  and,  as  is  usual  in 
such  conditions  (see  previous  section), 
the  sclerosis  induced  is  symmetrical, 
and,  as  will  be  seen  from  the  illus- 
trations (Fig.  136),  in  its  distribution 
is  very  similar  to  that  met  with  in 
conditions  of  anaemia  and  debility 
(p.  513). 

The  8ymptom8  resemble  very  closely 
those  of  ataxic  paraplegia.  There 
is  weakness  in  the  legs,  with  in- 
creased myotatic  irritability  going  on 
to  spasm ;  unsteadiness  of  movement,  especially  in  the  early  stages, 
sometimes  accompanied  by  tremor.  Sensibility  may  be  normal, 
or  the  jx^rception  of  touch  or  pain  may  be  increased  or  lessened. 
Belmondo,  from  an  important  series  of  investigations,!  has  arrived  at 
the  conclusion  that  the  symptoms  depend  on  a  primary  systemic 
degeneration  of  the  nerve-elements  of  the  pyramidal  tracts  and 
posterior  columns,  determined  by  the  influence  of  the  toxic  agent. 
The  course  of  the  disease  is  chronic,  but  sometimes  an  intensely  acute 

*  Tnczek,  *  Klinbche  n.  Anatomiscbe  Studien  tiber  die  Pellagra,'  Berlia,  1888. 
t  * Biv.  Spii iincnt.,*  1889-90,  xv  and  xvi. 


Fi&.  136.— Sclerosis  in  pellajrra 
(Tucz.k).  The  darkly  shaded 
areas  indicate  the  sclerosis. 
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I  oomes  on,  with  Bjmptoms  of  spinal  meningitis,— a  condition  to 
which  the  term  "  typhus  pellagrosus  "  has  been  applied.  After  death 
in  this  state  there  ore  often  found  commencing  acute  myelitis,  in 
addition  to  the  inflammation  of  the  membranes,  and  also  swelling  of 
the  intestinal  Ijmphatic  glands,  with  signs  of  enteritis, — indications 
of  an  acute  blood-state  which  justifj  the  Tiew  that  the  affection  is, 
prinuurilj,  a  toxemic  maladj. 


SOXABOBZB  OV  THS  OOBD  BBBULTIKO  WUOU  OTHBB  TOXIO  BlOOD- 

8ZATEB. 

During  the  last  fisw  years  the  efbcts  of  toxic  blood-states  in  causing 
changes  in  different  parts  of  the  nerrous  system  have  been  widely 
reco^iised.  The  occasional  occurrence  of  sclerotic  changes  in  the 
spinal  cord  m  association  with  alcoholic  neuritis,  not  merely  as  a 
result  of  the  neuritis,  has  been  already  referred  to  in  the  chapter  on 
Multiple  Neuritis,  but  the  researches  of  Williamson  *  have  proved  the 
occajsional  occurrence  of  sclerosis  of  the  posterior  columns  in  diabetes 
— a  disease  with  a  well-recognised  toxic  blood-state. 

In  1887  Lichtheimt  described  three  cases  of  pernicious  anssmia 
which,  in  addition  to  the  usual  symptoms  of  that  disease,  had  sym- 
ptoms of  spinal  cord  affection.  Li  two  the  symptoms  pointed  to  a 
mixed  affection  of  lateral  and  posterior  columns,  in  the  other  the 
posterior  columns  were  thought  to  be  chiefly  affected.  In  the  last 
case  no  post-mortem  examination  was  obtained,  but  in  the  other  two 
distinct  spinal  cord  changes  were  found,  viz.  almost  complete  degene- 
ration of  the  columns  of  Goll,  and  similar  but  slighter  affection  of 
the  pyramidal  tracts.  Lichtheim  suggested  a  toxic  blood-state  as  the 
probable  cause  of  these  changes.  Minnich,^  a  pupil  of  Lichtheim, 
published  a  series  of  similar  cases,  and  supplemented  his  work  by 
examining  the  cords  of  fire  patients  with  pernicious  ansemia  who  had 
had  no  symptoms  of  spinal  cord  affection.  He  found  two  sets  of 
changes  present,  (1)  capillary  hssmorrhages  with  apparently  miliary 
sclerosis  resulting  from  them,  and  (2)  a  slight  sclerotic  change  in 
certain  parts  of  the  cord  as  indicated  by  slighter  coloration  after 
hardening  in  bichromate  salts,  of  the  posterior  and  also  of  the  ante- 
rior and  lateral  columns. 

He  also  found  similar  changes  in  the  cords  of  patients  the  subjects 
of  cachectic  and  debilitating  conditions,  such  as  chronic  jaundice, 
leukflBmiai  and  cerebellar  tumour.  Within  the  period  that  has  elapsed 
since  thm  similar  cases  have  been  described  by  Van  Noorden,§ 

•  *  Brit.  Xed.  Jonrn.,'  1894^  p.  898^ 
t  « Near.  C«nt.'  1887,  p.  SS6. 
t  Ibid.,  1880,  p.  6G2. 
i  'ChariU  Aonalen,'  1891. 
TOL.  I.  83 
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Eisenlohr,*  Noime,t  Bowman,J  James  Taylor,§  Michell  CIarlc,|| 
Bisien  Bussell,^  and  others,  some  of  the  cases  havrng  the  usual 
symptoms  of  pernicious  anaemia,  others,  howerer,  being  merely  ansemic, 
some  in  whom  ansemia  was  not  obvious,  but  in  whom  there  were  dis- 
tinct eyidenecs  of  debility  or  mal-nutrition.  In  1891  Putnam,  of 
Boston,**  described  **  a  group  of  system  scleroses  of  the  spinal  oord. 
associated  with  difhise  collateral  degeneration  occurring  in  enfeebled 
|>ersons  past  middle  life,  especially  in  women."  In  four  cases  exa- 
mined post  mortem  sclerosis  was  found  in  both  lateral  and  posterior 
columns  of  the  cord,  and  he  also  found  disintegration  of  cells  in  the 
grey  matter.  These  cases  are  no  doubt  similar  in  origin  to  those 
described  by  Lichtheim. 

Symptoms. — In  the  majority  of  cases  the  onset  of  the  spinal  cord 
symptoms  is  usually  preceded  by  a  period  of  bad  health,  more  or  less 
prolonged,  or  by  some  condition  leading  to  impairment  of  vitality.  Thus, 
in  one  case,  a  profuse  loss  of  blood  immediately  preceded  the  aniemia, 
to  which  the  spinal  cord  affection  was  afterwards  added.  Difficulty 
or  uncertainty  in  walking  is  first  complained  of,  and  one  leg  may  be 
affected  earlier  and  more  severely  than  the  other.  Sharp  lancinating 
pains,  suggesting  the  lightning  pains  of  tabes,  are  occasionally  present, 
and  parsesthesi®,  not  necessarily  painful,  are  frequent.  The  knee- 
jerks  are  usually  at  first  normal  or  diminished,  and  there  may  be  a 
difference  on  the  two  sides.  In  some  cases,  however,  they  are  early 
lost,  or  the  reflex  may  be  present  on  one  side  and  not  on  the  other. 
When  they  are  exaggerated,  as  sometimes  happens,  and  some  ataxy  is 
present,  the  clinical  picture  presented  is  that  of  ataxic  paraplegia.  The 
weakness  gradually  increases  until  the  patient  is  unable  to  get  out  of 
bed,  then  sensory  impairment  may  occur,  considerable  rigidity  may 
come  on,  and  the  knee-jerks,  in  cases  in  which  they  were  present^  may 
be  no  longer  obtainable.  The  arms  also  may  be  involved,  and  in  one 
case  curious  rhythmical  movements  at  the  wrist  and  elbow  were  pre- 
sent, suggesting  those  of  canine  chorea,  and  probably  of  significance^ 
as  we  shall  see  when  we  come  to  discuss  the  morbid  anatomy.  Con- 
tractions may  be  superadded,  and  bedsores,  cystitis,  and  gradual 
exhaustion  sooner  or  later  lead  to  a  fatal  issue. 

Besides  the  symptoms  enumerated  there  may  of  course  be  the  usoal 
symptoms  of  profound  ansemia — such  as  reduction  in  hsemoglobin 
and  number  of  corpuscles,  enlargement  of  spleen,  and  hsemorrhages  in 
the  retinsd  and  elsewhere.  But,  as  has  been  stated^  obviouB  ansBmia 
is  not  constant  in  the  condition  under  notioe. 

•  <  Deut.  Med.  Wochenielir.,'  1898. 
t  '  Arch,  f .  Psych.,'  kt,  1898. 
J  'Brain,' 1894. 
§  •  Med.-Chir.  Trans.,'  1898. 
II  'Brit.  Med.  Journ.,'  1807. 
Y  <LanceVlB98. 
••  •  Jonni.  of  Nenr.  and  Xent  Diieaits,'  180L 
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MoBBiD  Aet^toict.— The  changes  found  in  the  spinal  ooid  are 
sarionalj  uniform  (Fig.  137).    In  the  cervical  region  they  aie  nsoaUj 


fto.  187*— SlMmingr  Mlerosis  oecnrrtng  In  a  cut  of  profoBBd 
The  telerotic  ureas  are  decolourised.    Note  in  the  lumbar  oord  the 
parative  escape  of  the  lepto-marKinal  and  oonra-eommiMii 
A»eerfieal.    B,  donsL    dhimber. 

o 
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wide-spread,  and  are  found  in  anterior,  lateral,  and  postc.or  columns; 
the  part  of  the  anterior  column  chiefly  affected,  and  also  of  the  lateralt 
being  the  pyramidal  tracts,  although  th''  change  is  not  restricted  to 
these  in  either  region.  In  the  dorsal  region  the  change  is  still  eiten- 
sive,  but  there  is  a  gradual  diminution  downwards,  «<>  that  in  the 
lumbar  region  the  sclerosis  is  much  less  wide-spread  and  le^s  complete 
in  character.  In  this  region  the  part  of  the  posterior  column  next  the 
commissure  is  usually  spared,  as  also  that  close  to  the  posterior  septum 
— the  scpto-marginal  tract  of  probably  endogenous  fibres  already 
alluded  to  (p.  218).  It  is  well  seen  in  the  accompanying  illustration. 
It  is  interesting  to  note  that  the  other  tract  in  the  lumbar  region  which 
is  spared  probably  also  consists  of  endogenous  fibres — the  so-called 
oomu-commissuraJ  tract.  The  sclerosis  in  the  pyramidal  tracts  in  the 
lumbar  cord  usually  becomes  restricted  to  a  small  triangular  area 
close  to  the  posterior  root.  These  degenerations  have  not  been  found 
to  extend  upwards  beyond  the  lower  end  of  the  medulla  oblongata, 
and  although  slight  but  distinct  changes  hare  been  described  in  the 
cells  of  the  anterior  horn,  and  also  in  those  of  Glaa*k*s  coliunn,  no 
definite  evidence  of  affection  of  the  peripheral  nerves  has  been  found 
in  the  few  cases  in  which  changes  have  been  looked  for.  It  is,  however^ 
more  than  probable  that  in  some  cases  such  changes  are  present,  and 
it  may  be  expected  that  they  will  be  found  when  the  nerves  are 
regularly  and  carefully  examined. 

The  change  which  constitutes  the  sclerosis  is  apparently  a  simple 
thickening  and  increase  of  the  neuroglia  replacing  the  nerve-elements 
which  have  disappeared.  There  is  also  a  marked  increase  in 'the 
number  of  vessels  in  the  affected  areas,  and  this  has  been  especiallj 
well  seen  in  most  cases  in  which  the  change  has  been  described  in  the 
lumbar  regions.  In  one  of  Bossell's  cases  *'  there  was  a  perfect  net- 
work of  smaU  thin- walled  engorged  vessels,  in  addition  to  larger  vessels 
with  thickened  walls."  But  even  with  this  condition  there  was  no 
marked  infiltration  of  the  surrounding  tissue.  In  no  case  in  which 
these  degenerations  have  been  present  has  any  hsemorrhage  been  found 
in  any  of  the  affected  tracts.  It  is  significant,  however,  that  Lichtheim 
and  Minnich  describe  in  cases  of  pernicious  ansemia^  in  which  no  sjm- 
ptoms  of  spinal  cord  affection  have  been  noted  during  Ufe,  small  scle- 
rotic foci  the  result  of  haemorrhages  in  different  parts  of  the  spinal 
cord,  The  importance  and  significance  of  this  will  be  alluded  to  in 
discussing  the  pathology  of  the  condition  under  consideration. 

Patholooy. — There  seems  little  reason  to  doubt  that  the  sclerotic 
condition  present  in  these  cases  is  the  result  of  a  toxic  condition  of 
the  blood.  Its  origin  under  conditions  of  at  least  mal-nutrition  and 
debility,  its  presence  in  some  patients  who  are  undoubtedly  suffering 
from  pernicious  anaemia,  and  the  occurrence  of  slighter  changes  of 
similar  distribution  in  conditions  like  leuksemia,*  all  point  to  the  same 
probability.    The  general  symmetry  of  its  distribution  is  also  another 

•  MttUer.  •luaugurul  DiiMiUUoi^'  fiorliiiw  1395. 
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indication  that  tlie  blood  is  probably  the  vehicle  by  which  the  mcderiei 
morbi  is  brought  to  its  destination  ;  and  it  is  yery  significant  that  the 
•chaises  in  the  spinal  cord  in  ])ellagra,  an  admittedly  toxic  disease,  are 
practioally  identical  in  distribution  with  those  in  the  conditions  under 
notice.  The  nature  of  the  poison  we  do  not  know,  and  it  cannot  be 
said  with  certainty  whether  it  acts  directly  on  the  nervous  elements, 
or  by  first  producing  disease  of  the  blood-vessels.  In  many  cases  the 
blood-vessel  walls  are  found  thickened,  in  some  instances  to  the  point 
of  occlusion,  and  the  occurrence  of  haemorrhages  in  the  retinee,  and 
elsewhere  under  similar  conditions,  suggests  that  diseased  vessels  and 
^consequently  altered  blood-supply  may  give  rise  to  interference  with 
the  nutrition  of  the  cord,  and  so  produce  a  sclerotic  condition.  Such 
an  explanation  is  not  probable.  Yet  there  seems  no  reason  to  doubt 
that  in  some  of  the  cases  the  occurrence  of  small  haemorrhages  in  the 
eord,  similar  to  those  that  occur  in  the  retinae  in  pernicious  anaemia, 
may  be  an  element  in  producing  the  changes  which  we  meet  with. 
The  observations  of  Minnich  and  others  already  alluded  to,  on  the 
<x)rds  of  patients  suffering  from  pernicious  anaemia,  demonstrate  the 
occurrence  of  such  haemorrhages,  and  of  small  foci  of  degeneration  as 
the  result  of  them,  in  those  cases  in  which,  it  is  true,  no  special  sym- 
ptoms of  cord  affection  were  noted  during  life.  But  if  such  haemor- 
rhages occur  in  these  cases,  it  seems  likely  that  they  are  not  altogether 
Absent  in  cases  in  which  disease  of  the  cord  is  more  pronounced.  And 
it  must  be  confessed  that  in  some  cases  the  difference  between  two 
sections  of  the  cord,  within  a  short  distance  of  each  other,  is  greater 
than  18  to  be  satisfactorily  accounted  for,  except  on  the  supposition  of 
some  local  condition  to  give  rise  to  the  difference.  Such  haemorrhages 
would  of  course  be  no  part  of  the  ultimate  pathology  of  the  affection, 
'Which,  as  we  have  said,  is  almost  certainly  foxio;  but  they  might 
account  for  some  of  the  changes  visible  in  the  spinal  cord,  especiaUy 
those  which  constitute  a  departure  from  true  symmetry. 

The  view  of  Nonne  and  others,  that  the  condition  is  really  one  of 
disseminated  myelitis,  offers  many  difficulties.  The  absence  of  any 
small-celled  infiltration  such  as  is  found  in  myelitis,  the  absence  also 
of  such  ascending  and  descending  degenerations  as  foci  of  inflamma- 
tion would  produce,  seem  to  constitute  insuperable  difficulties  to  the 
acceptance  of  such  a  view.  That  the  condition  is  to  be  accounted  for 
by  patches  of  change,  haemorrhage  perhaps,  in  the  grey  matter,  is  most 
unlikely.  In  many  cases  no  change  is  found  in  the  grey  matter ;  when 
any  change  is  present  it  is  slight  and  non-symmetrical,  and  one  striking 
feature  is  the  escape  from  degeneration  of  the  endogenous  fibres  of  the 
comu-commissural  and  septo- marginal  tracts  of  the  cord  (see  p.  218), 
tracts  which  connect  the  grey  matter  at  different  levels,  and  which 
would  presumably  suffer  conspicuously  in  any  primary  affection  of 
that  tissue.  So  that  on  all  grounds  the  change  is  to  be  regarded  as 
probably  of  the  nature  of  a  parenchymatous  degeneration  of  the  nerve 
sabstanoe,  with  secondary  overgrowth  and  hardening  of  the  connective 
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tiBsue,  tho  effect  of  some  toxic  substance  circulating  in  the  blood, 
which  probably  also  produces  the  general  cachexia,  &c,  which  are 
present.  Why  the  areas  which  so  constantly  and  so  uniformly  loffer 
should  do  so  we  can  only  account  for  by  supposing  that  the  toziB 
which  causes  the  degeneration  has  some  selective  action  for  theee 
parts,  just  as  the  analogous  toxin  in  tabes  has  a  special  affinity  for 
the  posterior  neurons,  or  that  these  areas  ai'e  peculiarly  suBceptible  ta 
the  poison — another  way  of  stating  the  same  f^t 

Diagnosis. — ^The  diagnosis  in  these  cases  will  probably  become 
easier  aa  we  become  more  familiar  with  them.  The  cases  differ  among 
themselTes,  especially  in  regard  to  the  deep  reflexes,  so  that  the  dis- 
tinction which  has  usually  to  be  made  is  from  tabee,  toxic  peripheral 
neuritis,  lateral  sclerosis,  and  ataxic  paraplegia,  as  we  should  expect 
from  the  distribution  of  the  sclerosis,  and  there  is  little  doubt  that 
some  of  the  cases  hitherto  described  as  ataxic  paraplegia  were  of  this 
nature.*  In  the  majority  of  cases  the  closest  resemblance  is  to  ataxic 
paraplegia.  Indeed,  but  for  the  longer  course  of  the  disease  in  ataxic 
paraplegia,  and  the  absence  of  the  cachectic  condition,  and  of  the 
strong  tendency  to  death,  the  conditions  would  be  almost  identical, 
and  it  may  be  that  future  observation  may  prove  them  to  be  so.  In 
cases  in  which  the  knee-jerk  is  absent  the  condition  may  easily  be 
mistaken  for  tabes  dorsalis,  and  in  one  case  at  least  this  was  Hie 
diagnosis  made  until  the  post-mortem  examination  revealed  the  tme 
nature  of  the  malady.  The  absence  of  characteristic  lightning  pains 
and  often  of  a  syphilitic  history,  or  of  an  early  affection  of  sphinctersy 
are  points  to  be  carefully  kept  in  mind  in  deciding  whether  a  oaee 
belongs  to  one  or  other  class.  Peripheral  neuritis  also  offers  a  doae 
resemblance  to  such  a  condition ;  but  in  the  cases  of  this  disease  whieib 
we  niost  frequently  meet  with  there  is  to  be  obtained  a  history  of 
indulgence  in  the  usual  toxic  cause  of  this  paralysis,  vis.  alcohol. 

Pbookosis. — The  prognosis  is  necessarily  bad,  although  it  is  catk- 
ceivable  that  it  need  not  always  be  so.  In  one  case,  that  already 
alluded  to  as  having  been  mistaken  for  tabes,  there  was  a  history  thai 
the  patient,  four  years  before  he  came  under  observation  for  the  para- 
plegia which  ultimately  proved  fatal,  had  been  in  the  same  condition, 
and  had  made  a  complete  recovery.  In  another  instance  the  patient  came 
under  observation  first  on  account  of  weakness  of  the  limbs  and 
intense  headaches.  She  was  vexy  ansBmic,  and  under  the  influence  of 
iron  and  arsenic  she  made  apparently  a  complete  recovery,  and  went  to 
the  sea-side.  She  returned  in  six  months  in  a  condition  of  extreme 
spastic  paraplegia ;  she  became  completely  helpless,  very  annmic, 
and  died  of  exhaustion.  She  had  marked  retinal  haemorrhages 
before  death,  and  her  spinal  cord  was  found  to  have  the  wide-spread 
sclerosis  characteristic  of  these  cases. 

TREATMENT. — ^Attention  to  general  nutrition  is,  of  course,  eesential 
in  all  such  debilitated  conditions  as  those  under  notice.  In  the 
•  See  Michell  Clark't  esse,  *  Brain,'  1890. 
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definitely  annmic  eases  iron  and  arsenic  are  dearly  indicated,  and 
thej  are  so  probably  in  all  cases.  Bone  marrow  does  not  seem  as  yet 
to  have  received  a  trial,  but  that  also  in  combination  with  the  drugs 
mentioned  would  possibly  be  found  to  have  a  good  effect.  Cystitis^ 
bedsores,  and  contractions  must  be  treated  if  they  arise.  The  pains  may 
be  serere  and  necessitate  morphia,  but  the  need  for  this  may  be  lessened 
by  injections  of  oocaine,  as  recommended  in  the  chapter  on  Tabes. 


•»HEREDITAET  ATAXY" 
(vbibdbsich'b  dibeasb,  hbbbditaby  ataxic  pabaflboza). 

The  so-called  hereditaiy  ataxy  is  a  form  of  ataxy,  or  rather  of  ataxio 
paraplegia,  depending  on  combined  posterior  and  lateral  8olero6is» 
which  occurs  in  families,  and  differs  further  from  the  common  forms 
of  tabes  and  of  ataxic  paraplegia  in  the  early  age  at  which  it  always 
commences,  and  in  the  presence  of  certaLu  additional  symptom?.  It 
is  often  termed  "Friedreich's  disease,"  because  this  physician  first 
described  the  characteristic  features  of  the  malady  and  the  lesion  in 
the  posterior  columns.* 

The  dependence  of  the  disease  on  a  congenital  tendency  is  clearly 
shown  by  its  usual  occurrence  in  families.  But  direct  inheritance  has 
been  traced  in  only  a  few  instances.  In  one,  the  mother  of  the  family 
affected,  and  her  mother,  both  suffered  from  the  disease.  That  a 
general  neuropathic  inheritance  is  also  sometimes  effectiye  is  shown 
by  cases  in  which  there  is  a  history  of  other  neurotic  diseases,  such  as 
insanity  or  epilepsy,  in  collaterals  or  ancestors.  Two  brothers  who 
were  affected  had  another  brother  epileptic,  and  a  sister  suffered  from 
repeated  attacks  of  chorea.  Alcoholism  in  parents  has  been  supposed 
to  be  influential,  but  the  eridence  of  this  is  not  strong.  Consanguinity 
of  parents  has  existed  in.  some  instances,  and  has  doubtless  intensified 
the  morbid  tendency  in  these  cases. 

The  family  tendenqr  of  the  disease  is  shown  by  the  affection,  in 
most  instances,  of  brothers  and  sisters.  Thus  sixty-five  cases  were 
distributed  in  nineteen  families,  giving  an  average  of  rather  more  than 
three  to  each.  The  number  affected  in  one  generation  has  varied  from 
two  to  eight.     In  the  case  in  which  the  mother  and  grandmother 

*  Priedreieh's  lint  acoonnt  wm  giTen  to  a  medical  society  in  I86I9  and  published 
Id  *^rcfaow's  Arohiv'  (Bde.  uvi  and  zzvii)  in  1863.  Further  caaea  were  pnbliahed 
bj  him  in  1876  (ib.,  Bde.  Ixnii  and  Izz),  and  a  collection  of  67  caaea  ia  given  by  Dr« 
Everett  Smith,  *  Boiton  Med.  and  Surg.  Jonrnal,'  Oct.  16th,  1886.  See  alaoOrmerod, 
•  Brain,'  Jan.,  1888 1  D^erine,  *  M^d.  nioderne,'  1890,  No.  25,  and  «La  Sem.  MM., 
1890.  No«.  11, 12 f  and  eepecinlly  Soca,  'These  de  Paris,'  1888  (who  baa  collected 
166  cosaa — many,  howerer,  donbtfnl),  and  Ladnme,  *  Brain/  1890,  pt.  lii,  wliere  a 
MX  bibllograpby  will  be  fonndi  aee  also  Mackie  Wbyte,  <  Brain/  1898. 
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suffered,  an  uncle  and  seven  cluldren  were  also  affected,  making  ten  in 
one  family.  Isolated  cases  hare  also  been  recorded,  and  thej  seem  not 
to  be  uncommon.  Probably  the  nature  of  the  affection  has  not  been 
suspected  on  account  of  the  isolation.  In  many  of  these  cases  (to 
judge  from  personal  observations),  this  feature  extends  beyond  the 
disease ;  the  patient  is  an  only  child,  or  the  only  one  of  the  sex  in  the 
family.  Thus  one  patient  was  the  only  daughter,  and  her  fonr 
brothers  were  healthy.  On  the  other  hand,  it  is  often  to  be  noted 
that  the  families  in  which  cases  of  Friedreich's  disease  oocnr  are 
unusually  large,  as  in  one  family  of  fifteen,  in  which  three  members 
were  affected ;  another  unaffected,  however,  transmitting  the  conditionB 
to  two  out  of  four  children. 

The  two  sexes  present  nearly  equal  liability;  males  slightly  pre- 
ponderate (thirty-five  males  to  thirty  females).  In  some  families  the 
two  sexes  have  suffered  equally,  but  in  others  the  disease  has  shown  a 
marked  tendency  to  affect  one  sex.  Thus  in  one  family  of  nineteen 
the  two  males  suffered,  and  the  seventeen  females  escaped.  In 
another  instance,  recorded  by  Musso,  a  brother  and  sister  (the 
offspring  of  a  melancholic  mother)  married  healthy  individuals; 
the  brother  had  three  daughters  affected  out  of  seven  living  children ; 
and  of  the  sister's  children  three  sons  were  diseased.  A  curious  fact 
is  that  three  of  the  brother*s  and  four  of  the  sister's  children  were 
born  dead. 

The  age  at  which  the  first  symptoms  are  recognised  has  varied 
between  two  and  twenty-four  years.*  The  seventh  and  eighth  years 
of  life  are  those  in  which  disease  most  often  b^^s ;  and  next  comes 
the  period  of  puberty,  from  twelve  to  sixteen.  In  isolated  instances 
the  onset  is  generally  later  than  in  the  grouped  cases.  It  begins 
somewhat  earlier  in  males  than  in  females,  and  often  commences  about 
the  same  period  in  the  same  family. 

Immediate  causes  can  rarely  be  traced ;  preceding  acute  diseases 
may  have  facilitated  the  onset,  but  can  scarcely  have  done  more. 

Symptoms. — The  first  and  chief  manifestation  of  the  disease  is  a 
gradual  impairment  of  co-ordination,  first  in  the  l^s  and  afterwards 
in  the  arms.  Initial  pains  scarcely  ever  occur,  but  cramp  is  ooca- 
sionaUj  complained  of.  The  ataxy  is  shown  by  unsteadiness  in 
standing  and  walking,  at  first  slight,  but  slowly  increasing,  until  the 
feet  have  to  be  placed  wide  apart  in  standing,  and  the  patient  reels  in 
walking  like  one  under  the  influence  of  alcohol.  The  feet  are  not 
often  raised  too  high,  unless  when  an  unusually  long  step  is  taken. 
Closure  of  the  eyes  causes  a  considerable  increase  in  the  unsteadiness 
in  most  cases ;  in  some  it  has  but  little  influence.    Children  often  first 

*  lu  the  family  recorded  by  Everett  Smith,  the  fiitber  presented  symptome  of 
Htaxic  piiraplsgia  at  the  age  of  sixty-six,  coming  on  gradually  after  an  attack  of 
rhenmntibM  produced  hy  exposure  to  cold.  In  the  age  of  the  sufferer  this  eaae 
stands  alone  in  the  history  of  the  disease,  and  is  not  included  in  the  fignrat  giTen, 
Tlte  case  mav  be  a  mere  coiucidauce,  or  may  show  that  a  Utent  prediapoaitioii  mMj 
persist  throu^^h  life. 
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•how  the  affection  by  the  readiness  with  which  they  stumble  and  fall. 
The  impairment  of  movement  in  the  arms  is  of  a  similar  character,  but 
usuallj  commences  some  time  after  that  of  the  legs.  There  is  irregu^ 
larity  in  the  voluntary  movement  of  the  arms  and  fingers,  and  the 
ataxy  has  often  a  distinctly  jerky  character.  In  most  cases  the  power 
of  the  muscles  is  at  first  unimpaired ;  their  nutrition  is  good,  but  the 
myotatic  irritability  is  lost.  In  most  cases  the  knee-jerk  has  been 
found  absent  as  soon  as  the  patient  came  under  observation ;  in  one 
case  it  disappeared  after  the  othtr  symptoms  had  set  in  ;  in  another  it 
was  normal  on  one  side,  absent  on  the  other.  In  several  there  has  been 
no  change  long  after  all  the  other  characteristic  symptoms  had  mani- 
fested themselves ;  very  rarely  it  has  been  increased,  chiefly  in  untypical 


As  the  disease  progresses  some  jerky  irregularity  develops  in  the 
movements  of  the  neck  and  head,  so  that  the  head  presents  slight 
unsteady  movements,  sometimes  like  an  irregular  tremor,  sometimes 
closely  simulating  chorea.  Articulation  is  also  impaired ;  syllables  are 
cHded;  there  is  a  blunged,  somewhat  explosive  utterance,  and  there  may 
be  with  this  an  occasional  hesitation.  There  is  no  twitching  of  lips, 
but  occasional  jerky  movements  have  been  noted  in  the  tongue.  The 
affection  of  speech  is  not  often  an  early  symptom.  It  may  not  be 
noticed  until  three,  five,  or  ten  years  after  the  onset  of  the  other 
symptoms.  In  most  cases  (but  not  in  all)  there  is  nystagmus  when 
the  eyes  are  moved  laterally  or  upwards.  Sometimes  the  movement  is 
slower  than  in  most  forms  of  nystagmus,  and  it  is  rarely  present  when 
the  eyes  are  at  rest,  directed  straight  forwards.  This  symptom  may 
come  on  after  those  in  the  limbs,  but  careful  examination  will  often 
reveal  it  io  the  early  stage.  Paralysis  of  the  ocular  muscles  is  very 
rare ;  in  one  case  there  was  strabismus  with  double  vision,*  and  slight 
diplopia  sometimes  exists  for  a  time  and  passes  away.  Optic  nerve 
atrophy  never  occurs.  The  pupils  are  usually  normal,  but  several  cases 
have  been  recorded  in  which  there  has  been  loss  of  the  light  reflex. 
Whenever  this  condition  exists  evidence  of  hereditary  syphilis  should 
be  most  carefully  sought  for,  as  it  is  probable  that  many  of  the  cases  in 
which  this  loss  was  met  with  were  cases  of  true  tabes,  with  some 
involvement  of  the  lateral  columns  occurring  in  young  persons,  and 
should  not  be  classed  with  the  disease  in  question. 

Sensory  symptoms  are  very  variable  Lightning  pairs  and  any 
severe  pains  are  extremely  rare,  though  in  one  or  two  recorded  in- 
stances they  have  been  severe  ;  but  slight  dull  or  rheumatoid  pains  in 
the  legs  are  not  uncommon.  Sensibility  has  been  quite  normal  in 
many  cases  even  of  severe  degree;  in  others  there  has  been  slight 
anaesthesia  in  the  legs,  early  in  some  instances,  late  in  others.  In  one 
case  there  was  delay  of  conduction,  such  as  is  met  with  in  tabes ;  f 
rarely  sensibility  to  pain  and  temperature  is  impaired.  The  sense  of 
postuxe  ot  the  Umbs  has  been  found  normal  in  several  cases  in  which 
•  Cbarcoi, '  Prog.  MM./  1887«  No.  23. 
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it  lias  been  examined.  The  electro-sensibility  of  the  muscles  is  said 
to  be  sometimes  lessened.  Increased  sensitiveness  to  pain  is  occa- 
sionally met  with.  Keflex  action  from  the  sole  is  iisnally  preserved, 
but  may  be  lost  when  there  is  anaesthesia.  The  cremaater  reflex  ia 
often  lost.  On  account  of  the  age  of  the  patients  little  is  known  of 
the  condition  of  sexual  power,  but  it  is  certainly  often  absent. 
Menstruation  usually  becomes  irregular  and  ceases.  The  sphincters, 
as  a  rule,  are  unaffected.  There  is  no  tendency  to  trophic  changes  in 
the  skin  or  joints. 

Although  muscular  power  is  commonly  normal  at  first,  and  may  be 
normal  even  when  the  ataxy  is  considerable,  it  usually  becomes  impaired 
at  the  disease  progresses,  and  sometimes  weakness  comes  on,  with  the 
ataxy,  at  the  onset  of  the  disease.  The  loss  of  power  is  alwaya 
greatest  in  the  legs,  and  may  be  confined  to  them.    The  flexors  saBst 


Fie.  138. — Showing  a  condition  of  marked  lateral  corTatnre  ia 
Friedreich's  ataxy. 


more  than  the  extensors,  and  the  weakness  in  the  flexors  of  the  anUe 
may  permit  some  degree  of  talipes  to  occur.  The  loss  of  power  may 
be  ultimately  great,  although  it  rarely  amoimts  to  absolute  paralysik 
Slight  wasting  of  the  muscles  may  occur  in  the  later  stages  of  tfaa 
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disease,  attended  with  onlj  trifling  depression  of  the  electrical  con- 
tractility ;  in  two  recorded  cases,  however,  a  brother  and  sister,  there 
was  great  atrophy  of  muscles  with  altered  electrical  reactions.* 
Jjateral  curvature  of  the  spine,  and  talipes  equinus  or  equino- varus 
of  the  feet  (see  Figs.  138  and  139),  are  common  as  later  results  of  the 


Fig.  130.— Showing  the  characteristic  deformity  of  the  feet  iu 
Friedreich's  ataxy. 

muscular  weakness,  developing  under  the  influence  of  posture;  and 
contraction  of  the  flexors  of  the  knees  has  also  resulted. 

Visceral  crises  do  not  occur.  Frequency  of  pulse  has  been  noted, 
however,  in  many  cases,  and  curious  vaso-motor  symptoms  (flushing, 
oedema,  sweating,  polyuria,  and  salivation)  were  present  in  one  of 
Fn'e^lreich's  cases.  A  basic  cardiac  murmur  is  of  very  frequent 
occurrence,  possibly  associated  with  the  anaemia  which  is  frequently 
present.  There  is  no  menta.1  change  that  can  be  regarded  as  part  of 
the  disease,  although  imbecility  has  co-existed  (Power) .f 

The  isolated  cases  may  correspond  closely  to  the  type,  presenting 
the  same  nystap^mus,  weakness,  and  unsteadiness;  many  of  these 
cases,  however,  differ  somewhat,  although  sufficiently  characteristic  in 

•  Dejerine,  *M6d.  mod.,*  1890,  No.  25. 

t  An  excellent  analysis  of  the  syroptoins*  &€.,  is  given  by  CroiierGriiBthC  Trains 
0>1L  Phvs.  PhiladelpbiH,'  1S88;  and  by  Ladame  ('Bndn/  1800^  pi,  ft2),  and 
Maekie  Wh>te  (*  Brain.'  1808). 
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their  main  features  to  justify  their  inclusion  Speech  more  often 
escapes.  I  have  once  met  with  a  congenital  lisp.  In  some  the  sym- 
ptoms are  slight,  and  have  developed  late.  A  difficulty  in  micturition 
may  precede  other  symptoms.  There  are  aJso  cases,  sporadic  and 
grouped,  in  which  coarse  tremor  is  conspicuous,  and  the  condition 
might  be  regarded  as  one  of  simple  tremor,  were  it  not  for  the  presence 
or  development  of  other  symptoms.  For  instance,  one  man  had 
clipping  speech  "  all  his  life; "  between  forty  and  fifty  dilEculiy  in 
writing  came  on,  owing  to  a  peculiar  spasmodic  tremor  in  both  arms, 
brought  on  also  in  the  legs  by  exertion;  at  fifty  unsteadiness  on 
walking  was  added.  There  was  a  history  of  a  similar  affection  in 
several  relatives. 

The  rate  of  progress  of  the  malady  varies  much,  even  in  different 
members  of  the  same  family.  One,  in  whom  the  disease  commenced 
last,  may  be  unable  to  walk,  while  another  who  suffered  sooner  may 
be  still  in  the  early  stage  of  the  disease.  Now  and  then  the  disease  is 
stationary  for  many  years.  The  duration  of  the  malady  is  oorre- 
spondingly  vaiiable.  It  is  always  long,  even  more  than  thirty  years, 
and  in  many  instances  it  has  not  apparently  shortened  life.  On 
the  other  hand,  death  may  occur  at  the  end  of  ten  or  twelve  years. 
The  end  has  generally  come  from  intercurrent  affections,  rarely  from 
exhaustion.    Acute  myelitis  has  also  caused  death  (Everett  Smith). 

A  few  years  ago,  from  a  consideration  of  the  results  of  his  own 
observations  and  those  of  others,  Marie*  concluded  that  there  exists  a 
type  of  disease  in  many  points  resembling  Friedreich's  ataxy,  but 
differing  in  several  important  particulars  This  he  called  hereditary 
cerAeUar  ataxy,  and  he  regarded  the  symptoms  as  the  result  of  some 
congenital  defect  in  the  cerebellum.  In  the  ataxy,  the  articulately 
difficulty,  the  frequent  presence  of  nystagmus,  and  the  fact  that  the 
disease  might  occur  in  more  than  one  member  of  the  same  family,  the 
condition  closely  resembled  Friedreich's  disease,  but  striking  differences 
were  manifested  in  the  occasional  presence  of  the  Argyll  Robertson 
pupil,  the  not  unusual  occurrence  of  optic  atrophy,  and  the  invariable 
exaggeration  of  the  knee-jerk.  The  onset  of  symptoms  also  was 
usually  much  later  in  this  disease.  The  remarkable  series  of  cases 
described  by  Dr.  Sanger  Brownf  probably  belong  to  this  class.  They 
are  characterised  by  the  occurrence  of  a  similar  condition  in  many 
members  of  the  same  family  throughout  several  generations,  viz. 
gradually  increasing  weakness  and  inco-ordination  in  the  legs,  with 
marked  tremors  in  the  head  and  body,  impaired  articulation,  exag^ 
geratedknee-jerk,  occasional  ankle-clonus,  and  frequently  optic  atrophy. 
There  was  no  nystagmus  and  no  deformity.  Nonne  and  Menzel  have 
also  described  similar  conditions,  but  in  Nonne's  cases  the  ocular 
movements  were  impaired,  and  there  was  mental  weakneea.     Gee»^ 

•  *  La  Semaine  Hedicale,'  1898. 

t  'Brain,'  1892.  Summer. 

%  *  8t  BHrc.'s  Uosp.  Rep./  voL  zxv. 
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Tooth,*  and  others  hare  also  described  a  familj  disease  oharacterised 
hy  symptoms  of  spastic  paraplegia  (lateral  sclerosis). 

Patholoqical  Anatomy.— The  lesion  in  hereditary  ataxj  is  that 
of  ataxic  paraplegia  and  of  tabes  combined.  There  is 
degeneration  in  the  lateral  column,  often  also  in  the 
anterior  column,  such  as  occurs  in  ataxic  paraplegia , 
but  the  sclerosis  of  the  posterior  column  is  more 
intense  than  m  that  disease,  and  it  is  also  more  ex- 
tensive, especially  in  tie  lumbar  region  It  is  simi- 
lar to  the  degeneration  of  tabes,  and  agrees  with  this 
also  in  that  the  posterior  nerve-roots  are  usually 
affected,  whereas  in  ataxic  paraplegia  they  almost 
invariably  escape. 

The  distribution  of  the  lesions  shows  a  dose  cor- 
respondence in  different  cases,  as  will  be  seen  by  a 
comparison  of  the  figures  here  given,  which  are  from 
three  different  cases  of  the  disease.     The  sclerosis 


Pi©.  140.— Hereditary  ataxy ;  section  of  spinal  cord 
at  first  lumbar  segment.  Sclerosis  of  the  whole  of 
the  posterior  colamns  except  a  narrow  zone  adja* 
cent  to  the  neck  of  the  horn.  Degeneration  also 
of  the  lateral  pyra<nidal  traets,  and,  in  front  of 
this,  slight  degeneration  in  the  snperHcial  layer  of 
the  lateral  colonin.  Adjacent  to  the  anterior 
median  (Itsnre  there  if  also  a  sone  of  sclerosis  of 
the  anterior  pyramidal  tr»ct,  which  extends,  in 
this  cord,  into  the  Inmbar  region.f 


Fl©.  141.— Heredi- 
tary ataxy  I  dis- 
tribution of  de- 
generation in  the 
white  columns, 
indicated  by  the 
dotted  shHding. 
(After  Fried* 
reiob.) 


•  •  St.  Bart.'s  Hosp.  Bep.,'  vol.  xxvii. 

f  I  am  indebted  for  this  section  to  Dr.  Everett  Smith,  who  has  published  the  case 
in  the  •  Boston  Hed.  and  Surg.  Journal,'  Oct.  16th,  1886,  The  patient  was  one  of  three 
sUters  affected  with  the  disease,  the  brothers  being  healthy.  The  father  suffered 
from  ataxic  paraplegia  late  in  life.  In  the  case  from  which  the  drawing  is  made 
the  inco-ordination  began  in  the  legs  at  the  age  of  nineteen,  and  in  the  arms  toon 
afterwards,  and  waa  quickly  followed  by  Ines  of  power,  which  gradually  inereased 
to  almost  univenal  paralysis,  with  muj^culHr  contractures  (talipes  equino-vama,  Ac.) 
and  considerable  loss  of  sensation.  There  were  nystagmus,  affection  of  articnlation. 
and  aome  mental  dnlness.    Death  oeciurred  at  the  age  of  fort/. 
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Kio.  142.— Hereditary  atezy.  A,  cervical  |  B, 
dorsal;  C,  lumbar  regions  of  the  cord.  The 
posterior  columns  are  sclerosed  in  their  whole 
extent,  except  in  the  vicinity  of  the  neck  of 
the  horn  In  the  cervical  and  lambar  regions, 
the  defeneration  bein^  rather  less  intense  in 
the  lambar  than  in  the  other  parts.  In  the 
antero-lnteral  columns  there  is  an  Hnnular  tone 
of  Hclerosis  in  the  periphery  of  the  cord,  widen- 
ing in  the  region  of  the  pyramidal  tract.  In 
front  of  this  trnct  the  Eone  is  widest  in  the 
dorsHl  region,  and  trifling  in  degree  in  the 
lumbar.  The  gray  matter  is  bnt  little 
affected.* 


of  the  posterior  oohmmi 
may  be  complete  through- 
out the  cord,  with  the  ex- 
ception of  a  narrow  band 
near  tlie  neck  of  the  cornu, 
which  always  remains  but 
little  damco^*^.  In  the 
lumbar  region  it  is  usually 
intense  up  to  the  head  at 
the  horn  and  the  posterioi 
surface  of  the  cord;  occa- 
sionally, howeyer,  it  is  some- 
what less  intense  in  this  re- 
gion than  it  is  higher  up, 
extending,  nerertheless,  into 
the  root-zone.  In  the  cer- 
vical region  the  sclerosis 
may  also  be  general,  or  it 
may  be  greatest  in  the  root- 
zone  and  in  the  posterior 
median  columns.  The  oer- 
vical  root-zone  never  es- 
capes, as  it  often  does  in 
tabes. 

The  degeneration  of  the 
lateral  columns  always  in- 
volves the  pyramidal  treota, 
and  is  most  intense  in  their 
position.  It  is  not,  how- 
ever, limited  to  them.  It 
usually  extends  outwards  to 
the  periphery  of  the  cord« 
even  where  the  pyramidal 
tract  does  not  reach  the 
surface,  thus  involving  the 
direct  cerebellar  tract ;  and 
it  also  extends  forwards  at 
the  surface,  so  as  to  con- 
stitute a  band  of  annular 
sclerosis,  which  varies  in 
thickness  in  different  parts 
of  the  cord  and  in  different 
cases  (Figs.  141,  142).    In 


*  For  the  sections  from  which  the  drawing  is  made  I  am  indebted  to  Dr.  Fitl 
(who  prepared  them)  and  the  late  Dr.  Moxon,  under  whose  care  the  patient  died  in 
Guy's  Hospital.  The  case  (full  details  of  which  will  be  fonnd  in  a  recent  vdame  of 
ihe  *Gnj's  Hospital  Reports ')  is  one  of  a  series  of  five  cases  (timt  brotben  and  a 
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the  inner  part  of  the  anterior  column  there  may  be  a  distinct  area 
of  degeneration  in  the  position  of  the  anterior  pyramidal  tract.  This 
is  seen  in  Fig.  140,  in  which  this  tract  extends  unusually  low  in  the 
cord,  and  is  distinctly 
degenerated  in  the 
upper  part  of  the 
lumbar  enlargement. 
Atrophy  of  the  poste- 
rior vesicular  column 
has  been  found  a.  :o- 
ciated  with  that  of  the 
direct  cerebellar  tract. 
Slight  abnormal  ap- 
pearances have  been 
seen  in  the  nerve-cells 
of  the  anterior  cornua 
in  some  cases,  but  as  a 
rule  these  are  normal, 
and  the  grey  matter 
presents  no  other  dis- 
ease. It  is  very  likely, 
however,  that  future 
observations  will  reveal 
the  occurrence  of 
changes  in  the  nerve- 
oeUs  of  the  posterior 
horns,  such  as  are  met 


FiO.  148. — Hereditary  ataxy ;  degeneration  of  poste- 
rior nerve-roots  (from  the  same  case  as  Fig.  142).  A, 
normnl  Hoterior  root,  for  comparison.  B,  posterior 
root,  partially  dezenerated ;  a  few  normal  nerre- 
fibres  are  seen,  bnt  most  of  the  spaces  which  shonld 
contMn  nerve-fil>res  are  empty.  C»  posterior  root» 
totally  degenerated,  probably  by  a  more  acute  pro- 
cess ttian  that  of  B,  since  there  is  some  destmetion 
of  the  septa  and  increase  of  amorphous  oonnective 
tissue.  The  products  of  degeneration  are  rendered 
invisible  by  the  mode  of  preparation.  (Compare  C 
with  the  similar  chan^^es  in  a  totally  degenerated 
peripheral  nerve  shown  in  Fig.  69  B,  p.  166.) 


with  in  tabes. 

The  pia  mater  over  the  posterior  columns  has  been  found  thickened. 
The  posterior  nerve-roots  usually  present  some  degeneration  of  their 
fibres;  this  may  be  partial  (Fig.  143,  b).  or  may  amount  to  total 
destruction  of  the  fibres  (as  at  o).  The  peripheral  nerves  in  the 
limbs  have  been  found  noi*mal.* 

Some  general  shrinking  and  induration  of  the  pons  and  medulla 
were  found  by  Friedreich,  with  atrophy  of  the  ceUs  of  the  post- 
pyramidal  nucleus  and  some  degeneration  of  the  restif  orm  bodies,  but 
none  of  the  anterior  pyramids.  Corpora  amylacea  were  present  in 
the  hypoglossal  nerves. 

Atrophy  of  the  cerebellum,  pons,  aud  olivary  bodies  was  found  in  one 
case ;  the  cells  of  Furkinje  were  diminished  in  numbers,  but  showed 
no  sign  of  atrophy  or  degeneration.f  There  was  also  degeneration  of 
the  hypoglossal  and  facial  nuclei. 

This  defective  cerebellar  development  is  the  condition  supposed  to 

riiter)  which  1  reported  some  years  a-zo  to  the  Clinical  Society  ('  Clin.  8oe.  Xiaoi.*' 
Tol.  ziv»  1881,  p.  1). 

•  Friedreieh,  *  Virchow's  ArchiT/  Bd.  Ixz,  p.  146. 

t  P.  MeuzeU  'Arch.  f.  Psych./  Bd.  xzii,  H.  1,  p.  160. 
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underlie  the  manifestations  of  the  condition  already  alluded  to  at  ihs 
hereditarj  cerebellar  ataxy  of  Marie.  In  another  case  *  the  anatomical 
condition  rerealed  the  absence  of  cord  degeneration,  but  the  cere- 
bellum was  small,  and  the  cells  of  Purldnje  deficient  In  the  only 
one  of  Sanger  Brown's  examined,  howeyer,  there  were  sclerotic  changes 
in  the  lateral  and  posterior  columns,  but  no  marked  cerebellar  changet 
were  present,  although  the  cells  of  Purkinje  are  said  not  to  hare  been 
over-abundant.  A  case,  similar  in  clinical  conditions,  was  many  years 
ago  described  by  Eraser  and  Coats  of  Glasgow,  and  in  this  also  there 
was  no  cord  change,  but  marked  atrophy  of  the  cerebellum,  and  a  do- 
fectiye  deyelopment  of  the  cells  of  Purkinje.  It  is  of  some  interest 
that  a  condition  has  been  described  in  cats  congenitally  ataxic,  in 
which  the  cerebellum  is  small,  and  Purkinje's  cells  absent,  or  def ectiye 
in  character  and  number. 

Pathology. — The  disease  apparently  occupies  a  clinical  and  patho- 
logical position  between  the  combined  sclerosis  described  as  ataxic 
paraplegia  and  simple  tabes,  resembling  the  former  in  the  common 
afEection  of  the  lateral  and  posterior  columns,  and  the  consequent 
weakness  with  ataxy — resembling  it  also  in  the  imperfect  limitation  of 
the  changes,  and  in  the  intensity  of  those  in  the  middle  of  the  pos- 
terior columns  in  the  dorsal  region;  but  it  diHers  from  this,  and 
resembles  tabes,  in  the  degree  of  affection  of  the  posterior  oolumns 
in  the  lumbar  regions,  the  extension  in  slight  degree  into  the  root* 
zones,  and  the  affection  of  the  posterior  roots  :  with  these  the  loss  of 
the  knee-jerk  and  the  affection  of  sensation  are  apparently  connected. 
The  isolated  cases,  occasionally  met  with,  present  the  same  combina- 
tion of  spinal  symptoms.  The  predse  origin  of  the  affection  of 
articulation  and  of  the  nystagmus  has  not  yet  been  traced. 

The  age  at  which  the  disease  commences,  long  before  the  period 
at  which  ordinary  degenerations  occur,  and  its  family  grouping, 
suggest  that  its  ultimate  cause  is  a  congenital  tendency  of  deyelop* 
ment,  by  which  the  affected  elements  haye  a  briefer  period  of  vital 
endurance  than  the  other  tissues  of  the  organism.  Mobius  has 
suggested  that  there  is  an  actual  arrest  of  development  of  these 
structures,  but  it  is  evident  that  their  development  suffices  for  perfect 
function  during  the  early  part  of  life,  and  that  their  functional 
capacity  undergoes  subsequent  failure,  which  can  only  be  due  to  a 
process  of  structural  change.  It  is  possible  that  we  have  here,  again, 
a  double  morbid  process,  and  that  a  tendency  to  early  degeneration  in 
the  nerve-elements  is  associated  with  a  converse  tendency  to  over- 
growth of  the  .interstitial  tissue,  analogous  to  that  which  we  have  in 
the  muscles  in  pseudo-hypertrophic  paralysis  (q.  v,).  In  this  con- 
nection it  is  important  to  note  that  in  one  case  the  neuroglial  over- 
growth suggested  a  pure  increase  of  the  normal  tissue,  rather  tTi<iTi  a 
result  of  inflammation ;  and  the  peripheral  sensoiy  nerves,  although 

•  'Nonne, « Arch.  f.  Pgych.,'  xxii,  1891, 
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not  degenerated,  oontained  a  considerable  number  of  embryonal  nerve- 
fibres  in  the  fascienli.*  Dejerine  wonld  regard  the  neuroglial  increase 
as  the  sole  element  in  the  morbid  process ;  but  the  fact  last  mentioned, 
as  -mm  as  the  preponderant  affection  of  certain  tracts,  makes  it 
improbable  that  this  exdusiye  view  is  correct. 

Although  we  have  here  only  to  consider  hereditary  cerebellar  ataxy 
and  similar  conditions,  in  relation  to  Friedreich's  ataxy,  it  may  be 
stated  that  in  this  disease  also  ire  probably  haye  to  deal  with  a 
derelopmental  defect  or  perversion,  as  has  be^i  indicated  in  con- 
sidering the  morbid  anatomy.  And  the  same  may  be  said  of  the 
&mily  form  of  spastic  paralysis.  It  might  already  sec -a  as  if  we  had 
a  series  to  deal  with,  with  Friedreich's  vAaxj  at  one  end  and  family 
spastic  paralysis  at  the  other,  the  intermediate  space  being  occupied  by 
cases  like  those  of  Sanger  Brown,  in  which  spasticity  and  ataxy  are 
combined,  and  in  which  the  underlying  anatomical  condition  as  regards 
the  cord  is  one  of  sclerosis  affecting  lateral  and  posterior  tracts  fairly 
equally,  while  in  Friedreich's  disease  we  have  to  deal  with  a  condition 
in  which  the  posterior  columns  suffer  most,  and  in  family  spastic  para- 
lysis with  one  in  which  the  lateral  columns  may  be  exclusively  affected. 

Diagnosis. — ^In  most  cases  the  inco-ordination  is  sufficiently  pre- 
dominant to  suggest  that  the  disease  is  a  form  of  ata^,  and  the 
unsteadiness  of  the  head,  the  affection  of  articulation,  the  nystagmus, 
and  the  age  at  onset,  suffice  for  the  distinction  from  ordinary  tabes. 
The  common  form  of  ataxic  paraplegia  bears  a  close  resemblance  to 
this  disease,  a  resemblance  that  is  mora  than  superficial,  although  the 
excessive  knee-jerk  and  foot-donus,  almost  always  present  in  ataxic 
paraplegia,  are  usually  absent  in  hereditaiy  ataxy ;  much  spasm  is 
always  absent,  and  nystagmus  is  common.  The  difference  in  the  state 
of  myotatic  irritabiUly  is»  as  we  have  seen,  not  absolute;  cases  of 
combined  lateral  and  posterior  sclerosis  occur,  of  tabetic  type,  in 
which  the  knee-jerk  is  lost»  and  in  at  least  one  case  of  hereditaxy 
ataxy  the  knee-jerk  has  been  excessive.  The  age  of  onset  and  family 
multiplicity  may  decide  the  question,  but  the  iBolated  cases,  which 
are  by  no  means  rare,  commencing  soon  after  puberty,  are  not  dis- 
tingrnishable  from  the  hereditaiy  disease;  they  seem  to  be  analogous 
to  the  isolated  cases  of  pseudo-hypertrophic  pai^ysis.  A  greater  diffi- 
culty is  presented  by  cases  of  slight  tabes  in  children,  the  subjects  of 
inherited  syphilis,  in  whom  it  is  not  uncommon  for  some  weakness  of 
the  legs  to  co-exist,  or  speech  to  be  disordered,  in  consequence  of  some 
early  lesion  of  the  brain.  The  loss  of  the  iris-reflex  should  suggest 
inherited  syphilis,  and  other  indications  of  this  will  often  decide  the 
nature  of  the  case. 

Disseminated  sclerosLs  presents  inco-ordination,  nystagmus,  and 

impaired  articulation,  but  the  ataxy  of  the  arms  differs  in  the  wide 

range  and  violent  character  of  the  disordering  jerks  which  characterise 

this  disease ;  while  simple  unsteadiness  of  the  legs  is  very  rare,  and 

•  AiMcher, '  La  taaaioe  Med.,'  1890,  No.  8S. 
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the  ootirse  of  the  malady  is  more  Tapid.  The  affection  of  speech 
differs  from  that  of  hereditary  ataay  in  being  simply  "  staccato/*  with 
undue  separation  of  syllables,  in  the  marked  cases.  In  many  in- 
stances, however,  the  articulatory  defect  is  similar  in  the  two  dis- 
eases.   The  cases  are  always  isolated. 

Cerebellar  tumour  and  hereditary  ataxy  can  hardly  be  confounded, 
in  spite  of  the  fact  that  the  unsteadiness  in  waUdng  is  rery  similar  in 
the  two  diseases ;  the  common  affection  of  the  arms  in  the  one,  and 
the  conspicuous  head  symptoms  (serere  pain,  optic  neuritis,  AcJ)  of 
the  other,  sufficiently  distinguish  them.  It  is  yezy  common  for  the 
tremor  of  the  head  to  be  at  first  ascribed  to  mere  "  nerrousness,"  and 
also  for  the  isolated  form,  id  girls,  to  be  r^;arded  as  hystericaL  The 
presence  of  nystagmus  should  at  once  decide  the  question;  it  is 
absolute  proof  of  definite  disease. 

PnoaKOSis. — The  prognosis  in  every  case  is  very  serious,  since  the 
disease,  being  a  developmental  affection,  is  essentially  progressive;  bat 
life  may  be  prolonged  for  many  years,  and  in  slight  cases  the  mklady 
may  interfere  comparatively  little  with  the  patient's  occupation.  Thus 
I  have  known  a  man,  with  very  marked  symptoms,  follow  his  business 
as  a  tradesman  for  many  years.  The  only  guide  to  lodividual  prognosis 
is  the  observed  rate  of  progress,  which  has  little  relation  to  the  age  at 
which  the  symptoms  commence. 

Tbxatmbvt. — ^As  in  other  diseases  that  depend  on  a  congenital 
tendency,  treatment  is  almost  powerless.  The  measures  recommended 
for  ordinary  locomotor  ataxy  (apart  from  those  suggested  by  the 
special  symptoms  of  tabes)  are  those  most  suitable  to  the  hereditaiy 
form.  Arsenic,  phosphorus,  and  nitrate  of  silver  deserve  a  trial ;  now 
and  then  they  seem  to  check  the  progress  of  the  disease  for  a  longer 
or  shorter  time,  but  its  individual  tendenqy  determines  its  ooniseb 
almost  irrespective  of  treatment. 


SIMPLE   SBNILB   PARAPLEGIA. 

This  name  seems  the  most  unobjectionable  for  a  condition,  some- 
what rare,  which  appears  hitherto  to  have  been  unrecognised.*  It  is 
confined  to  late  life,  occurring  in  those  over  4^,  and  especially  over  50. 
Its  characteristic  is  simple  weakness  of  the  legs,  with  some  slowness  of 
movement,  but  without  wasting,  sensory  disturbance,  or  reflex  altera- 
tion. The  knee-jerk  is  normal,  and  there  is  no  foot-donus.  The 
malady  develops  very  gradually  and  is  slowly  progressive,  although  it 
seems  seldom  to  attain  such  a  degree  as  to  prevent  standing.  The 
condition  of  the  legs  resembles  that  in  cases  of  paralysis  agitans  with- 
out tremor,  in  which  the  malady  is  manifested  only  by  weakness,  and 
*  A  uote  upon  it  bj  m jself  appeared  in  the  *  Gentmlbl.  f,  Kenrenkr.,'  1880. 
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stiff  downesB  of  moyement  of  the  limbs,  f aoe,  and  trank.  Oases  an 
met  with  in  which  the  condition  of  the  legs  above  described  is  asso- 
ciated with  slight  symptoms  in  the  arms  and  iakie,  such  as  characterise 
these  oases  of  paralysis  agitans.  Thus  senile  parapl^;ia  is  probably  a 
partial  development  of  the  morbid  process  of  that  disease;  instead  of 
being  general,  it  is  limited  to  the  structures  for  the  legs.  If,  as  the 
condition  seems  to  suggest,  paralysis  agitans  depends  on  peculiar 
changes  in  the  nutrition  and  function  of  the  motor  cells  of  the  cortex 
cerebri  (wliich  impair  the  power  and  alter  the  action  of  the  cells,  but 
do  not  usually  go  on  to  such  destructiye  alteration  as  entails  secondary 
degeneration  of  the  pyramidal  fibres),  we  can  readily  conceive  that 
such  a  process  may  be  sometimes  limited  to  the  leg-centres,  and  may 
cause  the  symptoms.  If  so,  the  malady  is  a  cerebral  and  not  a  spinal 
one,  but  it  is  mentioned  here  on  account  of  its  paraplegic  features, 
and  their  resemblance  to  those  of  disease  of  the  spinal  cord.  Degene* 
rative  changes  may,  however,  be  various  in  kind  and  degree,  especianj 
in  late  life;  oases  occur,  similar  to  these,  but  with  myotatio  excess  am* 
neoting  them  with  the  destructive  changes  of  lateral  sderosisy  while 
others  present  such  symptoms  as  nystagmus  or  impeded  articolatioii — 
sifidence  that  the  altered  nutrition  is  wider  in  its  range. 


OHBONIO   SPINAL  MUSGULAB  ATBOPHT. 

(VBOOBBSSmi   KUSOXrULB    ▲TBOPET;    WASTDTO  PAL8T;    AinOXBOPRXO 
fiATSaATi  SCLSnOSIS;  OHBOiriO  POLIO-lCnXiITZS). 

Tlie  disease  which  has  long  been  known  by  the  names  **  progressive 
muscular  atrophy **  and  *' wasting  palsy"  is  characterised  by  slow 
wasting  of  the  muscles,  beginning  in  some  one  part,  and  usually 
spreading  and  increasing  until  it  is  wide  in  extent  and  extreme  in 
degree.  The  changes  in  the  muscles  depend  on  changes  in  the  spinal 
coxd,  a  slow  degeneration  of  the  ganglion-ceUs  of  the  anterior  comua, 
accompanied  by  a  similar  degeneration  in  the  motor  nerve-fibres  which 
spring  from  the  cells.  With  this  degeneration  of  the  cells  and  peri- 
pheral fibres  there  is  usually  also  associated  a  d^eneration  of  the 
pyramidal  tracts  in  the  cord,  sometimes,  at  least,  to  be  traced  up  to 
the  motor  cortex  of  the  brain.  According  to  current  views,  there  is  a 
decay  of  the  spinal  motor  neuron,  and  often  also  of  the  upper  neuron, 
whidi  has  its  nutritional  centre  in  the  ceUs  of  the  motor  cortex. 

Chronic  muscular  atrophy  was  separated  from  primary  paralysis  by 
Sir  Charles  Bell,  and  was  afterwards  described  more  fuUy  by  Aran  * 

•  Aran,  "  BeehtrohM^  Ste^  for  Ftoayiie  Kiuoakin  Atfophiqai/*  *  Anil.  gifa.  dt 
IC«d.;  1860. 
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and  Cruveilhier.*  Bell  and  Grureilluer  regarded  it  m  a  isfbaal  diauM, 
Anm  (who  first  called  it  **  progressiye  musoular  atrophy ")  thought 
th&i  it  was  primarily  a  disease  of  the  muscles,  a  view  that  was  after- 
wards  held  by  Ducheime,t  and  subsequently  also  by  Friedreich.  This 
opinion  was  supplemented  by  a  theory  that  the  wasting  was  due  to  a 
disturbance  of  the  sympathetic.  Luys  X  firat  discovered  the  disease  of 
the  grey  substance  of  the  spinal  cord,  and  Charcot  especially  associated 
the  atrophy  with  the  wasting  of  the  ganglion-cells.  When  the  con- 
stancy of  the  spinal  lesion  was  demonstrated,  it  was  thought  that  eveiy 
form  of  chronic  muscular  atrophy  was  of  spinal  origin ;  but  this  view 
has  proved  erroneous,  and  it  has  been  shown  that  there  are  forms  of 
muscular  atrophy  which  are  purely  local  and  idiopathic.  The  morbid 
process  is  not  confined  to  the  spinal  cord.  Atrophy  of  the  nerve>cells 
from  which  the  motor  bulbar  nerves  arise  often  accompanies  that  of 
the  spinal  cells,  and  " progressive  bulbar  paralysis"  is  then  associated 
with  **  progressive  muscular  atrophy : "  it  often  comes  on  after  the  dis- 
ease has  existed  for  some  time,  and  ends  life ;  occasionally  it  initiates 
the  malady. 

Two  varieties  of  the  disease  have  been  distinguished  by  Charcot 
who  has  been  followed  in  this  by  most  subsequent  writers.  In  the 
one  variety  the  disease  is  manifested  only  by  the  wasting  of  the  mus- 
cles— the  " Ajran-Duchenne  type;"  in  the  other  there  are,  in  parts 
other  than  those  much  atrophied,  the  indications  of  degeneration  of 
the  pyramidal  tracts  of  the  cord.  In  the  latter  cases,  Charcot  re- 
garded the  degeneration  of  the  pyramidal  tracts  as  the  primary 
lesion,  and  the  affection  of  the  cornua  as  secondary.  HJe  therefore 
termed  the  cases  of  the  first  class  "  protopathic,"  and  those  of  the 
second  class  **  deuteropathic,"  and  gave  to  the  latter  the  name  **  amyx^ 
trophic  lateral  sclerosis."  In  Germany,  however,  and  especially  by 
Leyden,  doubts  have  been  expressed  as  to  the  validity  of  the  dis- 
tinction between  the  two  classes  of  cases,  and  as  to  the  sequence  of 
the  lesions  in  the  second  class.  These  doubts  are  not  without  founda- 
tion. The  subject  will  be  discussed  when  the  pathology  of  the  disease 
is  considered,  and  reasons  will  then  be  given  for  the  course  here 
adopted  of  considering  the  two  varieties  together  as  essentially  one 


But  cases  are  also  met  with  (although  not  frequently)  that  present 

*  Crnyeilhier,  'Arch.  g^ii.  de  Hedecine/  1858.  Hence  the  diaeue  has  beeo  often 
termed  "  Craveilhier's  atrophy." 

t  Duchenne,  *  Bnll.  g6\i.  de  Th^rap.,'  1853. 

t  In  1860.  Lockliart  Clarke  described  in  1861  bbangtn  (laonna)  in  the  epinal 
eord,  bnt  in  the  anterior  horn  celli  only  pigmentation,  not  atrophy.  Other  detaili 
of  the  history  of  the  diitinction  of  the  disease  and  the  discovory  of  its  nature  will 
be  found  in  '  A  History  of  the  Chronic  Degenerative  Diseasea  of  the  Central  Nerroiu 
System,'  by  T.  K.  Monro,  M.A.,  M.D.^  Glasgow^  1896,  an  admirable  aoconnt  of  the 
stages  of  the  discernment  of  all  these  diseases.  To  this  book  the  reader  may  be 
referred  for  more  particulars  regarding  the  subject  than  can  be  given  here,  not  only 
in  regard  to  this  affection  but  to  all  others  of  a  degenerative  charscter. 
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erery  gndation  to  sabacttte  polio-myelitis  in  one  direction,  and  per- 
haps also  to  polyneuritis  in  another.  Attempts  are  being  made  to 
classify  these,  but  types  may  be  multiplied  indefinitely  from  the  inter- 
mediate forms,  and  many  more  pathological  and  clinical  observations 
are  necessary  before  a  useful  classification  of  the  cases  can  be  made. 
In  the  following  description  the  common  forms  are  chiefly  considered. 

Gausbs.— The  disease  is  more  frequent  in  males  than  in  females,  the 
proportion  being  about  three  to  one.  Jt  is  chiefly  a  disease  of  adult 
life,  commencing  usually  between  twenty-five  and  forty-five.  I  uave 
known  it  to  begin  at  fourteen,  and  as  late  as  seventy,  and  a  case  is 
recorded  in  whi<  h  it  began  at  twelve ;  *  there  was  wasting  and  rigidity 
in  the  limbs,  tongue,  lips,  and  lower  face.  But  most  cases  of  muscu- 
lar atrophy  in  early  life  are  myopathic,  and  not  spinal.  Heredity  is  to 
be  traced  only  in  less  than  half  the  cases,  and  generally  as  an  indirect 
neuropathic  disposition.  Barely  there  is  direct  inheritance  of  the 
disease.  Among  instances  that  I  have  met  with  are  a  lady  whose 
mother  died  from  a  similar  atrophy,  and  another  case  (from  which 
Fig.  146  is  taken)  in  which  a  brother  had  died  from  some  chronic  disease 
of  the  cord,  attended  with  wasting ;  but  three  cases  with  bulbar  sym- 
ptoms have  been  recorded,  two  of  whom  were  cousins,  the  children  of  two 
sisters :  the  third,  who  had  had  syphilis,  was  a  cousin,  but  his  affection 
was  untypical.t  Direct  inheritance  seems  to  be  most  common  in  cases 
that  occur  late  in  life.  When  nmny  members  of  a  fanuly  suffer  from 
muscular  atrophy,  the  malady  is  nearly  always  myopathic  and  not 
spinal.  The  affection  occurs  in  all  classes  of  society,  and  it  is  doubt- 
ful whether  workers  with  the  muscles  furnish  a  liurger  proportion  of 
the  cases  than  can  be  accounted  for  by  their  greater  exposure  to  certain 
exciting  causes. 

Of  these  more  direct  causes  one  of  the  most  frequent  is  mental 
distress  and  anxiety,  and  this  is  especially  met  with  in  females  and  in 
late  life.  A  severe  fright  has  been  thought  to  excite  it.  Another 
cause  is  exposure  tc  wet  cold,  which  is  also  a  cause  of  many  other 
chronic  spinal  diseases.  Sometimes  the  exposure  has  been  habitual ; 
sometimes  a  single  exposure  has  been  effective,  and  some  neuralgic 
pains,  indicative  of  the  deleterious  influence  on  the  nervous  system, 
have  followed  the  exposure  and  connected  it  with  the  later  wasting. 
The  pain  has  been  either  in  the  part  afterwards  wasted,  or  in  some 
other,  more  common,  seat  of  neuralgia.  Thus  one  patient,  after 
remaining  in  wet  clothes  for  twelve  hours,  suffered  for  six  weeks  from 
severe  neuralgia  in  the  left  side  of  the  face,  and  then  the  muscles  of 
the  left  shoulder  began  to  waste.  Although  excessive  use  of  individual 
muscles  may  cause  them  to  waste,  it  is  doubtful  whether  this  influence 
produces  general  muscular  atrophy.  Injury  to  the  cord,  such  as  results 
from  concussion  of  the  spine,  is  a  rare  cause.  It  more  often  produces 
disseminated  myelitis,  which  may  be  manifested  by  muscular  wasting 

•  H.  Blnmenthal,  •«  Inaog.  Diss.,"  •  Neur.  Cent./  1884,  p.  876. 
t  «  Virchoir'i  ArchiT,'  1889,  p.  116. 
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combined  with  other  symptoms.  In  a  few  instanoes  I  ha^e  kaown 
progressive  atrophj,  of  typical  characters,  to  slowly  follow  a  concos- 
sion,  as  if  this  had  set  up  a  perversion  of  the  nutrition  of  the  nerve- 
elements.  Still  more  rarely  a  fall,  injiuing  one  limb,  haa  been 
followed  by  muscular  atrophy  commencing  in  this  limb  and  becoming 
general.  Thus  a  woman  fell  downstairs,  and  pitched  on  her  left  hand 
and  wrist ;  she  had  pain  in  the  arm  for  a  long  time ;  two  years  after 
the  fall  this  arm  began  to  waste,  and  the  atrophy  ultimately  became 
general.  The  relation  might  be  passed  as  an  accidental  coincidence, 
were  it  not  that  in  other  central  diseases— even,  for  instance,  in  para- 
lysis agitans — the  symptoms  may  commence  in  an  injured  limb.  In 
rare  cases,  the  disease  develops,  during  adult  life,  in  a  sabjeet  of  old 
infantile  palsy  (polio-myelitis),  and  may  start  from  the  most  affected 
part  (see  p.  409). 

The  disease  sometimes  succeeds  syphilis,  and  no  other  cause  may 
be  traceable.  As  with  other  degenerative  diseases,  an  interval  <rf 
years  elapses  between  the  primary  disease  and  its  nervous  seqoeL 
The  cases  that  I  have  seen  after  syphilis  have  been  typical  in  ooune^ 
and  evidently  degenerative  in  nature.  That  syphilis  has  some  share 
in  the  causation  of  these  cases  'is  probable  from  its  relation  to  other 
diseases,  such  as  tabes;  but  it  is  noteworthy  that  in  one  case  the 
wasting  commenced  during,  and  in  another  directly  after,  an  energetic 
mercurial  course.  This  relation  is  intelligible  if  the  disease  is  due  to 
a  toxine,  a  result  of  syphilis,  and  not  to  the  organisms  themselves  (see 
Tabes).  Occasionally  syphilis  and  a  neurotic  heredity  can  both  be 
traced.  In  the  cases  in  which  atrophy  has  followed  an  acute  spedfio 
disease,  especially  measles,  and  has  begun  in  early  life,  it  is  probable 
that  the  malady  is  a  chronic  neuritis  and  not  the  central  affection  now 
under  consideration.  Such  cases  are  known  as  of  the  '*  peroneal 
type  ••  or  "  neuritic  form  of  muscular  atrophy,"  from  the  muscles  in 
which  wasting  in  general  is  first  obtrusive,  and  are  separately  de- 
scribed at  a  later  page.  General  muscular  atrophy  may  result  from 
lead  poisoning,  but  this  form  is  not,  as  a  rule,  progressive  in  character 
when  its  cause  has  ceased  to  act.  It  resembles  the  ordinaiy  form  of 
progressive  muscular  atrophy,  however,  in  seat  and  features,  and  thus 
differs  from  the  common  atrophic  palsy  of  the  extensors  that  is  pro- 
duced by  lead.  In  many  cases  of  progressive  muscular  atrophy  no  cause 
for  the  disease  c4n  be  traced.  When  obtrusive  symptoms  have  followed 
some  adequate  cause,  it  is  not  uncommon  for  this  to  have  been  pre- 
ceded by  slight  symptoms,  which  show  that  the  malady  already  existed. 
A  careful  inquiry  for  such  symptoms  should  never  be  neglected. 

Symptoms. — ^The  defioite  symptoms  of  the  disease  are  occasionally 
preceded  by  dull  aching  in  the  part  afterwards  wasted.  Sometimes 
there  is  such  pain  in  the  spine  or  elsewhere,  especially,  as  already 
stated,  in  the  cases  that  are  due  to  exposure  to  cold.  Barely  some 
sensation  other  than  pain  precedes  the  local  symptoms.  Thus  in  one 
case  a  sense  of  coldness  preceded  the  atrophy  in  each  limb  that  was 
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attacked.  Weakness  and  wasting  usually  come  on  together,  but  either 
maj  first  attract  Hie  attention  of  the  patient.  In  the  shoulder  and 
badk  the  loss  of  power  is  usually  first  noticed,  and  in  such  coYered 
parts  the  wasting  maj  become  considerable  before  it  is  observed.  In 
the  hand  the  wasting  is  often  first  noticed,  but  sometimes  it  is  the 
impairment  of  some  delicate  action,  such  as  writing,  that  draws  atten- 
tion to  the  part.  The  affected  muscles  lose  their  proper  shape,  and 
there  is  flattening,  or  even  a  depression,  where  there  should  be  a 
prominence.  If  a  patient  is  fat,  however,  the  wasting  may  cause  at 
first  very  slight  alteration  in  the  external  part,  especially  in  the  lower 
limbs. 

The  disease  commences  in  the  arm  in  nine  tenths  of  the  cases,  and 
as  frequently  in  one  arm  as  in  the  other.  It  begins  with  almost  equal 
frequency  in  the  hand  and  in  the  shoulder  muscles.  From  the  part 
first  affected  the  disease  spreads  to  other  parts  of  the  same  limb. 
Before  it  has  attained  a  considerable  degree  in  one  limb,  it  usually 
shows  itself  in  the  corresponding  limb  on  the  other  side ;  often  in 
the  muscles  corresponding  to  those  in  which  it  commenced,  sometimes 
to  those  affected  second  in  order  of  time.  As  the  muscles  waste 
paralysis  results  of  various  character  and  degree,  corresponding  to  the 
atrophy.  In  the  hand  the  thenar  muscles  and  interossei  are  usually 
the  first  to  suffer.  The  thenar  eminence  becomes  fiattened,  and  the  base 
of  the  first  metacarpal  bone  becomes  prominent.  Of  the  interossei, 
the  atrophy  of  the  abductor  indicis  is  especially  conspicuous;  the 
normal  prominence  gives  place  to  a  hollow  beside  the  metacarpal  bone 
when  the  thumb  is  abducted.  Depressions  form  between  the  meta- 
carpal bones  on  the  back  of  the  hand,  and  also  between  the  flexor 
tendons  in  the  palm  in  consequence  of  the  wasting  of  the  lumbricales. 
The  forearm  muscles  may  be  next  involved,  the  flexors  usually  before 
the  extensors ;  and  with  the  flexors  the  supinators  may  suffer,  or  they 
may  escape  until  the  biceps  is  involved.  Occasionally  the  dis- 
ease begins  in  the  forearm,  and  then  especially  in  the  extensor 
muscles  of  the  fingers,  sometimes  in  those  of  the  thumb,  especially  of 
its  phalanges.  The  several  parts  of  the  long  finger  muscles  may  suffer 
unequally  ;  the  ulnar  extensors  usually  suffer  most.  Of  the  shoulder 
muscles,  the  deltoid  is  generally  the  first  to  manifest  the  disease,  and 
in  some  cases  which  begin  in  the  hand  the  deltoid  suffers  before  the 
forearm  muscles.  The  rounded  contour  of  the  shoulder  becomes 
changed  (Figs.  7,  144,  145),  and  the  head  of  the  humerus  can  be 
recognised  beneath  the  acromion.  It  is  not  rare  for  part  of  the  del- 
toid to  suffer  and  part  escape :  we  have  seen  (p.  36)  that  the  several 
portions  have  different  functions  and  associations,  and  this  probably 
involves  a  relation  to  separate  groups  of  nerve-cells.  The  wasting  of 
the  deltoid  is  soon  followed  by  that  of  the  other  muscles  of  the  upper 
arm  and  of  the  scapula.  The  triceps  usually  suffers  less  and  later 
than  the  biceps,  but  sometimes  the  reverse  is  the  case.  The  supra- 
and  infra-spinati  are  often  affected  with  the  deltoid.    In  exceptional 
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instances  the  deltoid  or  hand  muscles  escape,  and  there  are  cases 
(perhaps  a  special  group)  in  which  the  upper  arm  and  shoulder 
muscles  waste  even  to  an  extreme  degree, 
and  the  forearm  and  hand  muscles  escape 
entirely. 

In  most  cases,  the  wasting  early  inTolyes 
the  muscles  of  the  back,  and  it  sometimes 
begins  in  them.  The  middle  and  lower 
parts  of  the  trapezius  usually  suffer  first ; 
the  rhomboids  and  erectors  of  the  spine  at 
a  later  date.  The  affection  of  the  trapezius 
18  readily  recognised  if  the  patient  tries  to 
put  the  shoulder  back  (Fis^.  145) .  Thehighest 


FiO.  144.  — Ppogressfve 
incBcalar  atrophy. 
Wasting  of  the  mni* 
des  of  the  back  and 
arms;  in  the  forearm 
scarcely  any  muscular 
tissue  can  be  recog* 
nised,  and  in  the  hand 
all  the  muscular  pro* 
mi  Deuces  have  van- 
ished. (Drawn  by  Dr. 
H.  B.  Spencer.) 


Fio.liS. — ProgressiYe  muscular  atrophy. 
Wasting  of  right  trapezius  complete 
(the  rhomboids  remaining),  of  the  left 
trapezius  partial.  On  each  dde  the 
upper  part  of  the  ti-apezius  ia  wasted, 
and  the  contour  of  the  neck  is  cor- 
respondingly changed.  Both  deltmds 
are  also  atrophied.  (Drawn  by  Dr. 
Spencer.) 


part  of  the  trapezius  presents  a  remarkable  indisposition  to  atrophy ; 
it  often  remains  intact  to  the  last,  and  then  may  contrast  with  the 
wasting  below  it,  standing  out  on  each  side,  like  a  cord  passing  from 
the  occiput  to  the  shoulder.  Hence  Duchenne  termed  this  part 
the  ultimum  moriens.  I  have,  however,  seen  several  otherwise  typical 
cases,  (beginning  either  in  the  deltoids  or  in  the  hands,)  in  which  the 
highest  parts  of  the  trapezii  suffered  before  the  middle  parts.  The 
levator  anguli  scapulae  also  generally  escapes,   even  when  all  the 
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nmscles  about  it  are  wasted.  The  lerratixB,  latissiiniu,  and  pectoralis 
major  are  usually  afiEected  later.  Thej  may  escape  wholly  or  in  part ; 
isolated  bundles  of  the 
pectora^'9  may  waste,  the 
intenrening  parts  escap- 
ing, or  either  the  upper 
or  lower  part  of  the 
muscle  may  atrophy 
alone.  According  to  the 
affection  of  the  muscles 
that  are  attached  to  the 
scapula,  the  position  of 
the  bone  changes,  and  it 
becomes  rotated  under  p,'^  146.— ProgreMlve  mmealar  mtropby.  Wenk- 
the  influence  of  the  neu  of  th«  mntclet  of  the  neck.  A^  hnbitaal 
«»<r..^i^  *v^4-  ««^  ,,^«*  posture  of  th«  h«ad,  inclined  b»ckward«.  B«posi« 
muscles  that  are  unaf-      g^„  .^^  ^j,.^^  ,^  ,^1,,  j^  ^^^  p^^j^^^.  .ttemptTto 

fected  and  unopposed  keep  it  in  the  normal  belanee.  (Drawn  by  Dr. 
(Fig.    7,    p.    85).      The      Spender.) 

muscles  that  extend  the  head  on  the  spine  often  suffer  in  con- 
siderable degree,  and  from  this  there  results  a  difficulty  in  the 
carriage  of  the  head  (Fig.  146).  It  is  habitually  inclined  back- 
wards, so  as  to  balance  it  on  the  spine  with  but  little  muscular 
exertion ;  if  moved  forwards,  it  falls  so  that  the  chin  touches  the 
chest.  It  can  be  brought  back  into  its  former  position  only  with  diffi- 
culty ;  the  patient  has  to  incline  the  trunk  backwards,  so  as  to  bring 
the  head  nearly  into  the  yertical  position,  and  then,  with  a  sudden 
contraction  of  the  stemo-mastoids,  and  a  jerk,  the  head  goes  back  into 
its  former  posture.  The  increased  innervation  of  the  weak  extensors 
of  the  head  often  causes  a  synergic  over-action  of  the  frontalis  muscles, 
which  are  normally  associated  with  the  extensors  (so  that  the  eye- 
brows are  raised  when  the  head  is  put  back  to  look  upwards.)  The 
skin  at  the  back  of  the  neck  lies  in  transverse  folds  when  the  neck  is 
extended.  The  patient  may  be  unable,  when  lying  in  bed,  to  move  the 
head  from  side  to  side.  The  stemo-mastoids  also  are  often  wasted ;  either 
the  sternal  or  clavicular  part  may  be  most  affected.  In  striking  con- 
trast to  the  general  wasting  of  the  neck  is  the  condition  of  the  platy sma 
myoides,  which  always  escapes,  and  may  become  hypertrophied  in  a 
vain  attempt  at  compensation. 

The  muscles  of  respiration  suffer  in  the  majority  of  cases,  and  their 
impairment  constitutes  a  grave  source  of  danger  to  life.  The  inter- 
eostals  rarely  escape  altogether ;  the  diaphragm  is  involved  in  many 
cases,  and  respiration  is  then  carried  on  by  the  intercostals  and 
superior  thoracic  muscles.  On  the  other  hand,  the  intercostals  may 
suffer  much  and  the  diaphragm  remain  free;  respiration  is  then 
purely  abdominal,  and  the  walls  of  the  thorax  may  be  almost  motionless 
in  breathing,  or  there  may  be  merely  a  slight  movement  of  elevation  of 
the  upper  ribs.    The  chest  becomes  flattened  in  front,  and  narrow  from 
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before  back,  from  tbe  iiifltience  of  atmospberio  pressnre  on  tbe  ribs, 
unopposed  bj  the  intercostals.  Either  the  upper  or  lower  interooatalt 
may  sulEer  most.  When  the  diaphragm  is  paraljjsed  the  upper  chest 
muscles  often  suffer  more  than  the  lower,  and  a  compensatory  increased 
moTenient  of  the  lower  ribs  carries  forward  the  abdominal  wall,  and 
may  suggest  that  the  diaphragm  is  acting  when  it  is  not.  A  careful 
examination  will  always  prevent  the  error.  The  muscles  of  the  abdo- 
minal wall  occasionally  waste,  but  far  less  frequently  than  those  of 
the  thorax. 

Wasting  in  the  legs  is  much  less  common  than  in  the  arms,  and  if 
it  occurs  is  usually  slighter  in  degree ;  but  occasionally  the  disease  first 
manifests  itself  in  the  legs,  and  is  more  intense  in  them  than  elsewhere. 
The  glutei,  extensors  of  the  knee,  and  the  muscles  in  the  front  and 
on  the  outer  side  of  the  lower  leg,  are  those  that  are  most  affected. 
We  shall  presently  see,  howcTer,  that  the  legs  are  often  paralysed 
when  thej  are  not  wasted,  and  sometimes  they  are  the  seat  of  wasting 
which  differs  in  certain  features  from  that  which  is  the  especial 
characteristic  of  the  disease. 

The  face  almost  always  escapes  the  general  atrophy,  and  its  normal 
appearance  may  present  a  striking  contrast  to  the  rest  of  the  body. 
In  some  cases,  however,  the  lips  are  paralysed  as  part  of  the  bulbar 
palsy  that  so  often  accompanies  the  spinal  disease.  A  remarkable 
case  in  which  the  face  shared  the  atrophy  of  the  limbs,  and  the  tongue 
escaped,  has  been  recorded  by  Langer  ;*  on  the  other  hand,  the  tongue 
has  been  the  first  part  to  suffer,  the  arms  being  affeot'jd  a  month 
later.f  Bulbar  paralysis,  however,  often  runs  its  course  without 
muscular  wasting  in  the  limbs,  and  when  the  latter  supervenes  it  it 
generally  quite  subsidiary.  The  like  statement  may  be  made  of  the 
converse  relation,  although  it  must  be  remembered  that  the  anterior 
nerve-cells  and  those  of  the  bulbar  nuclei  are  analogous  struoiorei^ 
and  may  be  similarly  and  even  simultaneously  affected. 

As  the  wasting  progresses,  the  appearance  of  the  parts  in  which  it 
is  most  advanced  becomes  extremely  changed.  All  trace  of  muscle 
may  disappear  from  parts  of  limbs  or  even  from  an  entire  limb 
(Fig.  144) ;  and  there  is  usually  a  wasting  of  the  adipose  tissue  as  well 
as  of  the  muscle,  so  that  the  bone  seems  to  be  covered  only  by  fesda 
and  skin.  Tlie  transverse  processes  of  the  vertebrss  may  be  felt  in 
the  hollow  beside  the  spine,  and  the  bony  prominences  about  the 
shoulder  may  be  almost  as  conspicuous  as  in  a  skeleton,  so  that 
l)t»neath  the  acromion  there  may  be  a  groove,  into  which  the  finger 
can  be  placed,  in  consoquence  of  the  descent  of  the  head  of  the  humerus 
from  the  glenoid  cavity.  The  unequal  affection  of  antagonistic 
muscles  leads  to  various  contractions  and  deformities.  In  the  hand, 
especially,  distortion  is  apt  to  occur ;  from  preponderant  paralysis  of 
the  interossei  find  contraction  of  the  long  flexor  and  extensor  musdes^ 

*  Vienna  Medical  Societj,  March  17th,  1882. 

t  Birdtall,  'Journal  of  Nerv.  and  Kent.  Dii.,'  1887,  xiv,  p.  286L 
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tbe"  daw-like  hand''  develops  in  extreme  degree  (Figs.  19  and  20, 
p.  48).  If  all  the  muscles  of  a  part  are  equally  and  simultaneouslj 
afEectedy  no  deformity  results  unless  an  imsupported  part  yields  to 
the  influence  of  gravitation  (Fig.  144).  Lordosis  is  very  common 
in  cases  in  which  the  trunk  and  hip  muscles  are  involved.  It  is  often 
the  indirect  result  of  the  weakness  of  the  extensors  of  the  hip- joint 
It  is  produced  in  the  manner  described  in  the  accoimt  of  pseudo- 
hypertrophic paralysis,  in  which  it  is  almost  constant. 

The  electrical  irritability  of  the  wasted  muscles  presents  changes 
which  vary  in  character  in  different  cases.  When  the  wasting  is  slow, 
there  is  usually  a  diminution  in  both  faradic  and  voltaic  irritability, 
similar  in  character  to  each  currezit.  But  the  amount  of  contraction 
that  can  be  produced  is  far  less  than  normal,  and  progressively  lessens. 
The  irritability  fails  with  the  muscular  nutrition,  and  when  the 
wasting  is  great,  only  a  slight  contraction  can  be  obtained,  even  with 
a  strong  current.  When  the  wasting  is  extreme,  irritability  at  last 
becomes  extinct,  but  the  voltaic  irritability  of  the  muscular  fibres 
persists  long  after  the  faradic  irritability  has  disappeared.  It  may 
be  normal  in  degree,  or  lowered,  but  is  seldom  increased  in  such  cases. 
The  quality  of  the  voltaic  irritability  may  also  be  normal,  but.  socle- 
times  AGO  (anodal  closure  contraction)  occurs  as  readily,  or  more 
readily,  than  KCC.  Tetanic  contraction  during  the  passage  of  the 
current  is  produced  with  undue  readiness  compared  with  the  closure 
contractions,  and  opening  contractions  are  often  caused  by  currents 
but  little  stronger  than  those  that  cause  closure  contractions.  Thus 
there  may  be  the  qualitative  change  of  the  reaction  of  degeneration 
without  the  voltaic  Increase  (see  p.  74).  When  there  is  the  rapid  and 
considerable  paralysis  described  on  p.  544,  either  at  the  onset  or 
during  the  course  of  the  disease,  the  palsy  being  followed  by  rapid 
wasting,  there  may  be  quick  extinction  of  faradic,  with  actual  exalta> 
tion  of  voltaic  irritability,  and  the  reaction  of  defeneration  may  be 
present  in  all  its  characteristics.  Between  these  forms  eveiy  inter- 
mediate condition  may  be  met  with,  including  the  mixed  reaction 
described  on  p.  32. 

The  mechanical  irritability  of  the  muscles  is  considerably  increased ; 
a  tap  causes  a  local  contraction  of  the  fibres  struck.  Moreover, 
spontaneous  flickering  contractions  of  parts  of  the  muscles  are  very 
common,  now  of  one  bundle,  now  of  another,  conspicuous  to  the  eye, 
although  scarcely  felt  by  the  patient.  This  "fibrillation,"  as  it  is 
termed,  is  not  invariable,  nor  is  it  confined  to  this  disease.  It  may 
sometimes  be  observed  in  muscles  that  are  not  yet  invaded  by  the 
wasting,  but  where  it  is  observed,  in  this  disease,  atrophy  usually 
follows. 

In  the  parts  affected  by  the  characteristic  wasting,  all  reflex  action  is 
abolished,  clearly  in  consequence  of  the  damage  to  the  motor  part  of 
the  reflex  arc ;  the  afferent  portion  of  the  arc  is  unaffected,  for,  as  we 
shall  see,  there  is  no  loss  of  sensation.     The  myotatic  irritabilitj 
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("tendon-reflex  action-'*)  is  alao  lost,  and  lost  earlj.  The  knee-jeril; 
for  instance,  disappears  as  soon  as  there  is  even  a  slight  diminution  in 
the  bulk  of  the  thigh  muscles,  in  cases  in  which  the  legs  are  the  seat 
of  primary  wasting.  The  muscles  are  flaccid  and  toneless — a  condition 
that  may  be  termed  "  atonic  atrophy."  To  this  common  rule^  howerer, 
exceptions  are  sometimes  met  with  ;  there  may  be  from  the  first  rigidity 
of  the  affected  muscles.  When  this  is  the  case,  the  wasting  does  not 
go  on  to  the  entire  destruction  of  the  muscle ;  often  it  is  considerable, 
but  not  extreme,  and  it  may  be  trifling.  With  this  rigidity  there  is  a 
preservation  or  even  increase  of  myotatic  irritability.  We  may  term 
this  "  tonic  atrophy.'*  It  is  generally  associated  with  spastic  para- 
lysis,  without  wasting,  in  some  other  part.  For  instance,  in  one  case 
the  forearms  and  hands  were  the  seat  of  this  tonio  atrophy,  and  in  the 
logs  there  was  simple  spastic  paraplegia.  We  shall  presentiy  consider 
the  pathology  of  this  condition.* 

Sensory  symptoms  are  always  subordinate  and  usually  very  slight 
They  are  confined  to  pain,  usually  dull  and  rheumatoid  in  character, 
felt  chiefly  in  the  limbs  in  which  the  malady  is  most  activa  Sudi 
pains  are  common  at  the  onset,  as  we  have  already  seen,  and  thej  may 
recur  from  time  to  time  during  the  course  of  the  disease.  Sometimes 
vague  feelings  of  "  numbness "  or  '*  deadness  "  are  complained  of, 
but  cutaneous  sensibility  is  never  impaired.  (When  an»sthesia  accom- 
panies muscular  wasting,  both  symptoms  are  due  either  to  chronio 
meningitis,  damaging  the  nerve-roots,  or  to  disseminated  focal  myelitis, 
syringomyelia,  or  multiple  neuritis.)  Nor  do  the  muscles  lose  snoh 
sensibility  as  they  normally  possess.  Perception  of  posture  persists, 
and  the  muscles  continue  sensitive  both  to  pressure  and  to  exten- 
sion. 

When  the  arms  are  the  seat  of  such  atrophy  as  has  been  described, 
the  legs,  if  not  also  wasted,  may  be  normal,  or  they  may  be  slightly 
affected,  the  thighs  thin,  and  the  knee-jerks  lost.  Often  they  are  the 
seat  of  gradual  loss  of  power  without  wasting,  and  with  an  increase  of 
myotatic  irritability.  The  knee-jerk  is  excessive ;  a  clonus  can  readily 
be  obtained,  and  the  reflex  over-action  of  the  muscles  may  increase  to 
actual  rigidity  and  spasm,  so  that  there  is  the  condition  of  spastic 
paraplegia  described  in  a  preceding  chapter.  It  is  rare,  however,  for 
the  spasm  to  reach  the  higher  degree  of  intensity,  and  for  the  muscles 
to  present  the  massive  firmness  that  characterises  the  simple  form  of 
spastic  paraplegia.  On  the  other  hand,  there  is  often  some  diminu- 
tion in  the  size  of  the  muscles,  and  thus  we  have  a  gradation  to  the 
condition  of  tonic  atrophy  just  described.   In  this  condition,  moreover, 

*  It  slioald  be  noted,  however,  that,  in  the  mntcles  that  are  the  leat  of  toneleM 
wRBtin;^,  when  the  atrophy  has  attained  an  extreme  degree,  slight  rigidity  may 
develop,  accompanied  by  tenderness  of  the  mascle.  It  is  probable  that  this  rigidity 
is  myopHthic,  and  dne  to  the  structaral  changes  in  the  mosolee  presently  to  be 
described.  This  condition  is  rare  t  the  early  flaocidity  ie  nsnally  BMlntnined  to  the 
last. 
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there  k  luniallj  only  a  moderate  diminution  in  electrical  excitalilitj^ 
which  does  not  go  on  to  extinction.  The  one  condition  does  not  seem 
to  pass  into  the  other ;  the  state  of  rigidity  and  myotatic  excess  does 
not  give  place  to  muscular  relaxation ;  atonic  atrophy  does  not  succeed 
the  tonic  wasting.  In  very  rare  cases,  of  which  I  have  seen  a  few 
instances,  there  is  a  similar  condition  in  the  hands  when  the  shoulders 
are  the  seat  of  simple  atonic  atrophy.  The  forearms  are  then  rigid, 
moderately  wasted,  with  myotatic  excess,  while  the  muscles  of  the 
shoulders  are  extremely  wasted  and  absolutely  flaccid.  In  still  more 
rare  cases  the  whole  arms  are  thus  affected,  are  thin  and  rigid,  and  in 
no  part  is  there  atonic  atrophy.  In  one  remarkable  case  of  this 
character,  the  muscles  of  the  trunk  participated  in  the  spasm ;  after 
coughing  or  yawning,  respiration  would  be  checked  for  a  few  seconds 
by  general  spasm,  and  whenever  the  patient  was  raised  from  the  bed, 
the  arms,  legs,  back  and  neck  became  stiff  in  tetanoid  rigidity,  the  head 
being  bent  backwards. 

The  combinations  of  the  ordinary  atonic  wasting,  and  loss  of  power 
without  wasting  and  with  increased  myotatic  irritability,  are  exceed- 
ingly numerous  and  variable.  The  most  frequent,  as  already  stated* 
is  flaccid  atrophy  in  the  arms  and  spastic  paralysis  in  the  legs ;  but  I 
have  twice  seen  atonic  atrophy  below  the  knees,  with  weak  but 
well-nourished  thigh  muscles  and  much  increased  knee-jerk.  The 
Tariable  combination  of  these  conditions  gives  rise  to  difEerences  that 
are  more  apparent  than  real,  and  may  easily  be  allowed  undue  weight 
in  classification.     Their  explanation  will  be  considered  presently. 

The  extreme  emaciation  of  the  most  affected  parts  shows  that  the 
adipose  tissue  wastes  as  well  as  the  muscles.  Indeed,  the  sufferers 
usually  become  generally  thin,  often  to  an  extreme  degree.  The 
atrophied  limbs  are  nsuaUy  cold,  and  may  be  livid  or  pale,  but  there  is 
no  tendency  to  acute  vaso-motor  disturbance  in  the  ordinary  form  of 
the  disease.  I  have  known  the  skin  of  the  face  to  become  thin  and 
smooth,  so  that,  in  one  instance,  the  dark  iris  could  be  seen  through 
the  closed  eyelids,  but  such  a  change  is  quite  exceptional.  In  another 
patient  there  was  a  very  remarkable  form  of  local  atrophy.  Certain 
areas  of  muscles  underwent  wasting,  the  rest  being  normal ;  the  affec- 
tion commenced  by  a  livid  discoloration  of  the  skin,  and  the  wasting 
seemed  to  involve  the  skin,  subcutaneous  tissue,  and  muscle,  causing 
local  depressions.  Considerable  tracts  of  the  trapezii  were  thus 
affected,  and  smaller  spots  in  the  arms  and  legs.  The  patient  was  a 
single  woman  of  thirty-five,  and  the  disease,  which  did  not  show  a 
strongly  progressive  tendency,  is  probably  a  special  affection,  perhaps 
of  the  nature  of  scleroderma. 

The  functions  of  the  sympathetic  are  not,  as  a  rule,  deranged. 
Dilatation  or  contraction  of  one  pupil  has  been  frequently  observed, 
chiefly  in  association  with  atrophy  of  the  muscles  that  are  supplied 
from  the  lower  part  of  the  cervical  region ;  and  it  no  doubt  depends 
on  the  disease  of  the  spinal  cord,  and  not  of  the  sympathetic  itself. 
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The  reflex  action  of  the  iris  is  usnallj  normal,  and  optio  nerva  atrophj 
never  occurs.*    Nystagmus  is  present  in  rare  cases. 

The  visceral  functions  are  usuallj  little  disturbed.  Sexual  power  is 
often  lost.  The  sphincters  rarelj  suffer,  even  when  the  wasting  is 
general  and  extreme;  occasionallj  thej  are  inyolved,  and  thej  may 
even  suffer  early.  In  other  cases,  in  which  the  legs  become  weak  after 
the  wasting  sets  in  in  the  arms,  the  affection  of  the  sphincters  may 
coincide  with  that  of  the  legs.  In  the  composition  of  the  urine,  alight 
changes  have  been  found,  but  not  constantly.  Urea  has  been  increased 
in  some  cases,  lessened  in  others.f  The  quantity  of  lime  has  been 
found  to  be  increased  (Fromman),  that  of  kreatin  diminished,  even 
to  one  tenth  of  the  normal  (Rosenthal,  Langer).  Glycosuria  has  been 
observed  in  association  with  bulbar  symptoms.^  The  lungs  may  suffer 
from  the  impairment  of  breathing  power,  when  the  intercostals  and 
diaphragm  are  weakened. 

Varietiei. — The  chief  varieties  of  the  disease  depend  on  the  relative 
distribution  of  the  three  conditions:  (1)  atonic  atrophy,  becoming 
extreme ;  (2)  muscular  weakness  with  spasm,  but  without  wasting,  or 
with  only  slight  wasting;  and  (3)  tonic  atrophy,  rarely  extreme  in 
degree,  with  myotatio  excess,  l^e  commonest  condition  is  to  have 
atonic  atrophy  in  the  arms  and  upper  part  of  the  trunk,  with  simple 
weakness  and  spasm  in  the  legs.  Atonic  atrophy  in  both  arms  and 
legs  is  less  common,  and  the  least  common  is  tonic  atrophy  alonob  in 
the  artns,  or  universal.  The  last  is,  indeed,  extremely  rare.  It  is 
important  to  note,  however,  that  these  conditions  may  coexist  in  every 
degree  and  combination ;  between  universsl  atonic  atrophy  on  the  one 
hand,  and  universal  spastic  paralysb  without  wasting  on  the  other, 
there  is  every  gradation.  The  latter  does  not  come  into  the  category 
now  under  consideration,  but  similar  cases  are  met  with  in  which  there 
is  atrophy  of  a  few  muscles  (as,  for  instance,  of  the  hands  only),  which 
complete  the  series.  The  varieties  due  to  the  different  combinations 
of  atrophy  and  paralysis  have  been  already  alluded  to. 

A  peculiar  form  of  muscular  atrophy  has  been  mentioned*  firai 

*  I  have  once  met  with  a  remarkeUe  reflex  flzation  of  the  eyeballs  in  a  esae  of 
advanced  pro^reasWe  muacalar'  atrophy.  If  the  patient^  looking  to  one  aide^  woe 
aaddenly  told  to  look  at  an  object  on  the  other  aide,  his  head  was  instantly  toned 
towards  the  second  object,  while  the  eyea  remained  Azed  on  theiirat,bya  morement 
corresponding  to  that  of  the  head  but  in  the  oppoelte  direction,  and  then,  after  a 
few  seconds,  they  were  slowly  moved  towards  the  second  object.  The  pheuomenoa 
continaed  to  the  end  of  the  patient's  life.  As  I  pointed  out  in  an  aceonnt  of  thia 
curious  condition  ('  Brain,'  vol.  i),  it  ia  Interesting  evidence  of  a  normal  reflex 
mechaniam  in  the  fixation  of  the  eyes;  thia  waa»  as  it  were^  isolated  by  dieeas^ 
which  lessened  voluntary  control  over  it. 

t  In  a  patient  who  weighed  7  at.  18  lbe.>  and  whoee  nrine  varied  between  760 and 
960  cubic  centimetres,  1  found  the  daily  excretion  of  urea  to  vary  between  10^  and 
15  grammes,  the  average  being  18  grammea.  Thia  is  Just  half  the  normal  aTernfe 
for  a  man  of  that  weight,  which  would  be  (according  to  Ptokes)  S4  gramu 

(  Rovighi  and  Melotti,  'Biv.  Sper.,'  1888^  p.  816. 
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eonspicaotu  in  the  peroneal  regions  *  and  spreading  thenoe  to  other 
muscles  of  the  leg  and  to  the  hands.  It  is  characterised  bj  occurrence 
m  earlj  life,  and  often  in  several  members  of  the  same  f amilj,  and 
has  been  termed  the  "  peroneal  type  "  by  Dr.  H.  Tooth,  the  "  neuritic 
(neorotische)  form"  of  HofEmann.  It  is  probably  not  dependent  on 
tiie  spinal  cord,  and  is  considered  more  fully  at  a  subsequent  page. 

ComplieaiionB, — Progressiye  muscular  atrophj  is  occasionally  accom- 
panied by  the  symptoms  of  some  other  degeneratiye  disease  of  the 
spinal  cord.  The  paralysis  with  spasm,  already  described,  can 
scaroelj  be  regarded  as  a  complication :  it  is  rather  part  of  the  disease, 
and  its  relation  to  the  other  symptoms  will  be  considered  when  we 
discuss  the  pathology  of  the  affection.  In  rare  cases,  muscular  atrophy 
in  the  arms  is  accompanied  by  the  symptoms  of  locomotor  ataxy  in 
the  legs.  By  far  the  most  frequent  complication  is  bulbar  paralysis, 
weakness  of  the  lips,  tongue,  pharynx,  and  often  of  the  laryngeal 
musdes.  It  is  the  expression  of  a  degeneratiye  process  in  the  medulla, 
similar  to  that  which,  in  the  spinal  cord,  causes  the  affection  of  the 
limbs.  It  may  come  on  at  any  stage  of  the  disease,  may  precede  the 
spinal  symptoms,  or  only  come  on  when  these  haye  attained  a  con- 
siderable degree.  In  characters,  the  bulbar  palsy  may  resemble 
perfectly  that  which  occurs  in  isolated  form,  and  will  be  described 
among  the  diseases  of  the  brain.  Frequently,  howeyer,  there  is  but 
little  paralysis  of  the  tongue,  even  when  swallowing  and  articulation 
are  much  impaired.  There  may  also  be  slight  interference  with  articu- 
lation when  there  is  no  marked  bulbar  palsy.  A  minor  complication 
is  the  neuralgic  pain,  which,  as  already  stated,  is  sometimes  trouble- 
some in  the  early  stage  of  cases  that  are  due  to  cold.  In  seyeral 
patients  I  have  known  headache  to  be  frequent  and  seyere  throughout 
the  course  of  the  disease.  Qeneral  paralysis  of  the  insane  has  been 
met  with  as  an  exceptional  complication.t 

OaurMB. — The  malady,  in  most  cases,  is  steadily  progressiye,  as  its 
name  implies,  but  in  the  rate  of  its  progress  it  yaries  in  different  cases, 
and  in  the  same  case  at  different  periods.  It  may,  moreover,  become 
stationaiy  (sometimes  as  the  result  of  treatment)  at  any  period  in  its 
course,  and  .when  once  actually  arrested,  it  does  not  usually  again 
become  active.  Unfortunately,  the  tendency  to  cessation  is  greatest 
in  the  later  stages  of  the  disease,  when  there  is  little  except  life  to  be 
preserved.  Sometimes  progress  ceases  at  an  earlier  stage,  and  chiefly, 
I  think,  in  those  cases  in  which  the  atrophy  is  strictly  symmetrical, 
and  develops  simultaneously,  or  almost  simultaneously,  on  the  two 
sides.  Thus  I  have  met  with  several  cases  in  which  there  was 
symmetrical  wasting  in  the  two  hands,  or  in  certain  muscles  of  the 
two  forearms  or  of  the  two  upper  arms,  and  in  which  the  atrophy, 

*  CkMib  liowsfer,  have  been  described  more  recently  in  whieb  the  upper  limbs 
■niTered  6nt  or  eimiiltaneoasly  (Hoffmann,  'Dentich.  ZeiUchr.  f.  Kerrenbeilk.,' 
1891,  i). 

t  TambronU  *  Bit.  Sper.  de  Fren.,  &c.,'  1887,  ziii,  p.  184. 
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after  attaining  a  considerable  degree  in  its  limited  aeat»  had  become 
stationarj  and  continued  so.  OccasionaUj  some  symptom  (as  iresfc 
ness  of  the  sphincters)  may  pass  awaj»  although  the  atrophy  pro- 


When  the  progress  at  the  commencement  is  rapid,  it  usually  eon- 
tinues  rapid,  until  the  disease  has  attained  a  wide  extent*  although 
the  acute  local  onset  mentioned  below  may  be  followed  by  slow 
extension.    When  it  begins  slowly,  it  is  usually  slow  throughout. 

Although  the  disease  sometimes  commences  in  the  Fscond  arm  very 
soon  after  its  onset,  it  more  commonly  nmkes  some  progress  in  its 
primary  seat  before  b^inning  on  the  second  side,  and  the  interval 
that  elapses  varies  with  the  rate  of  extension.  It  often  happens  that 
a  year  intervenes  between  the  affection  of  the  two  arms,  and  I  have 
known,  in  a  very  chronic  case,  the  atrophy  to  slowly  progress  in  one 
arm  for  seven  years  before  it  showed  itself  in  the  other.  It  is  not 
common  for  the  arms  to  be  reduced  to  practical  helplessness  in  less 
than  two  or  three  years,  but  the  hands  may  become  useless  in  as  short 
a  time  as  six  months,  while  in  one  case  ihe  wasting,  commencing  at 
the  shoulder,  had  invaded  the  whole  arm  in  the  course  of  a  month. 
The  shortest  time  in  which  I  have  known  a  patient  to  reach  the  last 
stage  of  the  disease  is  nine  months. 

With  any  rate  of  general  progress,  the  otherwise  uniform  course  of 
tne  disease  may  be  broken  by  the  occurrence  of  almost  sudden  palsy 
in  a  certain  group  of  muscles.  Considerable  loss  of  power,  it  may  be 
absolute  paralysis,  comes  on  in  a  few  days,  or  even  in  a  few  hours. 
It  may  occur  at  the  onset  of  the  affection.  The  extensors  of  the  wrist 
and  fingers  are  the  muscles  most  commonly  thus  affected.  The  weak* 
ness  is  usually  followed  by  a  well-marked  degenerative  reaction  in  the 
muscles.  I  have  seen  several  cases  which  began  by  such  subacute 
or  even  acute  paralysis  of  the  extensor  muscles,  first  in  one  arm  and 
soon  afterwards  in  the  other ;  the  initial  condition  closely  resembled 
the  paralysis  from  lead  poisoning,  even  to  the  escape  of  the  supinator 
longus  and  ext.  ossis  met.  pol.  Tliis  cause  was,  however,  excluded*  and 
soon  the  muscles  of  the  shoulder  and  back  presented  commencing  slow 
progressive  atrophy,  followed  by  wasting  of  the  interossei  until  a 
typical  state  was  reached.  In  another  case,  the  quick  loss  of  power 
was  confined  to  the  extensors  in  one  arm,  which  were  already  weak 
and  slightly  wasted,  most  of  the  other  muscles. of  the  upper  limbs 
having  been  long  atrophied.  When  there  is  weakness  of  the  legs 
without  wasting,  the  onset  of  this  may  coincide  with  the  atrophy  of 
the  arms,  or  may  succeed  it  at  any  interval  In  one  case  five  years 
elapsed,  after  the  arms  began  to  waste,  before  the  legs  became  weak. 
It  is  very  rare  for  the  paraplegic  weakness  to  occur  first. 

The  chief  danger  to  life  is  from  pulmonary  maladies,  rendered  gra^ 
f  i*om  the  weakness  of  the  muscles  of  respiration.  The  common  com- 
plication of  bulbar  paralysis  is  another  frequent  cause  of  death,  either 
by  the  interference  with  swallowing  and  nutrition,  or  by  the  laryngeal 
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fBXdljA.   Less  oomxnoiiljy  death  results  from  bedsores  and  septicsBxnia, 
or  from  intereurrent  maladies. 

Pathologicaii  Akatomy. — ^The  wastmg  of  the  mnsdes  is  as  evident 
after  death  as  during  life.  They  are  reduced  in  size  and  pale  in 
colour.  Sometimes  there  is  little  in  the  tint  of  what  remains  to 
taggoBt  muscular  tissue.  Parts  of  a  muscle  may  be  hardly  dis- 
U.:sruiahable  from  adjacent  fat.  On  the  other  hand,  the  bulk  of  the 
muBc^-'  may  be  dark,  and  pale  streaks  in  it  may  mark  the  position  of 
local  de^-^neration.  Under  the  microscope  the  fibres  present  various 
changes,  and  of  these  four  are  well  defined.  (1)  There  may  be  simple 
narrowing  of  the  fibres,  without  any  considerable  change  in  their 
striation  (Fig.  147),  although  the  strise  often  seem  to  be  further  apart 
than  normal,  and  sometimes  the  fibrillary  segmentation  is  unusually 
distinct.  (2)  Simple  fiitty  degeneration,  in  which  the  transverse 
striation  gives  place  to  a  granular  appearance  (Fig.  148),  the  granules 
become  larger  and  fewer  (Fig.  147)  until  ultimately  distinct  globules 
are  scattered  through  the  sheath.  Where  the  muscle  resembles  fatty 
tissue  to  the  naked  eye,  the  microscope  may  show  only  sarcolemma 
sheaths  containing  groups  of  globules.  (8)  Muscular  fibres  are  seen 
in  which  the  sheath  contains  only  a  dear  material  endosing  a  few 
fatty  globules,  and  a  few  transverse  striss,  faint,  as  if  fading  away.  It 
is  probable  that  this  is  not  the  result  of  fatty  degeneration,  but  of  a 
different  process,  which  has  been  termed  "vitreous  degeneration*' — a 
sort  of  dissolution  of  the  strus,  indicated  by  the  appearance  of  such 
fibres  as  are  shown  in  Figs.  147,  148,  149.  (4)  A  longitudinal 
striation  devdops  in  the  fibre,  and  at  first  oo-ezists  with  the  trans- 
verse striation ;  but  ultimatdy  the  latter  becomes  indistinct,  and  the 
fibre  looks  like  a  fasdculus  of  longitudinal  connective-tissue  fibres 
(Fig.  150).  Sometimes,  with  the  longitudinal  striation,  the  fibre 
presents  a  transverse  striation  very  much  finer  than  normal,  the  stri» 
being  narrower  and  nearer  together,  as  if  from  a  division  of  the 
**  sarcous  dements.*'  This  change  may  sometimes  be  seen  alone,  and 
may  be  present  in  only  one  part  of  a  fasdculus.  Thus  at  one  place 
the  nionber  of  strisB  in  y^^nr  ^^^  ^^''^^  onlj  seven,  while  in  another 
region  of  the  same  fasdculus  seventeen  were  to  be  counted  in  the  same 
space.  A  tendency  to  transverse  fissuring  has  also  been  described* 
but  this  is  probably  artificial  Fatty  globules  accumulate  between  the 
fibres  (F\g.  150),  accompanied  in  some  cases  with  granules  and  masses 
of  reddish-brown  pigment.  There  is  often  also  an  increase  of  the 
nudd  (Fig.  148),  and  sometimes  of  the  fibres  of  the  interstitial  tissue. 
Two  or  three  rows  of  nudd  may  lie  between  the  fibres.  The  capil- 
laries may  be  dilated  and  distended.  It  is  very  common  to  see 
muscular  fibres  that  are  much  altered  dde  by  side  with  others  that 
present  a  nearly  normal  appearance.  Ultimately  the  sheaths  become 
empty  and  shrink,  and  may  be  scarcely  distinguishable  from  the 
interstitial  fibrous  tissue. 
The  peripheral  nerves  contain  many  degenerated  nerve-fibres,  and 
TOL.  I.  35 
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the  tenninal  branches  for  the  muscles  a  still  larger  number.  If  the 
nerves  are  traced  up  to  the  cord  it  is  found  that  the  degenerated  fibres 
come  only  from  the  anterior  roots.  These  are  oonspicuouslj  changed 
to  the  naked  eje,  small  and  grej.  Thej  maj  resemble  fine  threads  of 
connective  tissue,  and  imder  the  microscope  no  nerve-fibres  may  be 
found  in  them,  or  onlj  a  few  maj  remain  of  normal  aspect,  the  rest 
being  in  various  stages  of  degeneration,  or  represented  only  bj  their 
empty  sheaths.    The  degree  of  affection  of  the  anterior  roots  oone- 
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Fio.  147.— Narrowed  fibres  with  nearly  normal  itriationf  othen  dear^containia^ 
a  few  fat  Klobnlee,  and  a  few  faint  transverte  itris  and  loine  longitudinal  atriatloni 
lar^re  fjflobules  of  fat  lie  in  the  interstitial  tissue  in  front  of  one  narrowed  fibre. 

Fio.  148.— Grnnnlar  degeneration :  a  fibre  with  normal  transverse  striation  prssenti 
also  indications  of  longitudinal  striation.    Increase  of  nuclei  of  interstitial  iiasnt. 

Fio.  149. — Two  normal  fibres  and  one  presenting  the  elear  homogeaaoos  aspee^ 
with  a  few  fat  globules  and  some  faint  striation. 

FlO.  150.— Several  fibres  similar  to  that  of  the  last  figure,  with  globules  of  fat 
between  them.  On  the  rif^ht  ii  %  fibre  which  has  undergone  complete  longitudinal 
•triation,  the  normal  stris  having  disappeared,  so  that  it  resembles  the  adjacent 
interstitial  fibrous  tissue.  Other  fibree  in  Uie  same  muscle  were  in  intermediate  stages 
of  degeneration,  some  transverse  striation  coexisting  with  the  longitudinal  striation. 

sponds  to  the  wasting  in  the  parts  supplied  b j  them.    The  posterior 
roots  are  normal. 

The  spinal  cord  is  often  softer  than  natural  at  the  affected  part, 
and  the  white  substance  of  the  lateral  columns  maj  be  grej  and 
translucent  in  aspect,  espedallj  in  the  cervical  enlargement  Under 
the  microscope  morbid  dhanges  are  seen  in  the  anterior  oonma^ 
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and  alao  in  most  oases,  in  the  antero-lateral  white  oolunma.  The 
change  in  the  anterior  comna  ooiresponds  in  its  intensily  to  the 
origin  of  the  ner7es  to  the  most  affected  parts,  and  since  the  latter 
are  nsuaUj  the  arms*  the  disease  is  generally  most  intense  in  the 
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FiOb  161d— A  normal  anUrior  oornn  for  comparlion  wHIi  tbo  nexl  flgoe. 
Fxe.  16S. — Pro^ressiTe  maitenlar  atrophy  f  anterior  eornn.  oerricml  regloo. 
(Prom  dbmiringi  by  Dr.  H.  R.  Spencer.) 

cerrical  enlargement.  In  stained  sections  the  grey  matter  of  the  horn 
is  less  deeply  tinted  than  normal,  but  in  some  parts  it  may  stain  more 
deeply,  especially  in  the  circumference  of  the  coma  and  the  processes 
of  grey  matter  which  project  into  the  white  column.    Oocasionallj, 
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hxger  areas  have  a  dense  aspect 
and  stain  deeply,  but  the  central 
part  of  the  cornua  is  generally  pale 
and  wasted  in  aspect.  Most  of  the 
large  nerve-cells  have  disappeared ; 
many  entirely,  while  others  are  re- 
presented only  by  small  angular 
bodies.  Not  a  single  large  cell  may 
be  seen  in  a  section  which,  in  a 
normal  cord,  would  contain  a  consi- 
derable number.  Frequently,  how- 
erer,  a  few  large  cells  can  still  be 
seen,  but  most  of  these  have  lost 
their  processes  and  are  more  glo- 
bular than  normal.  The  inter- 
stitial tissue  is  also  changed.  The 
nerre  fibnllss  waste  with  the  cellB» 

Fie.  153. — Progressive  mmoolar  atrophy; 
degeneration  of  the  anterior  ooriiua  nud 
pyramidal  tracts.  A,  medalla  oblongatii» 
complete  degeneration  of  the  anterior 
pyramids,  A  P|  B,  at  the  npper  part  of 
the  decussation  of  the  pyramids ;  D,  the 
decussation  of  the  df generated  fibres; 
▲  p,  the  pyramids,  still  incomplete.  C 
eervicaly  D,  dorsal,  E,  lumbar  sections. 
The  degeneration  of  the  anterior  oomoa 
ii  complete  in  C,  but  in  E  a  few  cells 
remain,  for  the  most  part  without  pro- 
cesses. In  C  and  D  the  degeneration 
of  both  anterior  and  lateral  pyramidal 
tracts  is  conspicuous;  in  E  the  anterior 
tract  has  cOHsed,  and  the  lateral  tract 
extends  up  to  the  surface  of  the  cord, 
from  which  it  is  8epiirate<i  in  C  and  D 
by  the  undegenerated  direct  cerebellar 
tract  In  C  and  D  the  degeneration 
extends  forwards  in  front  of  the  lateral 
pyramidal  tract,  but  gradually  ceases. 
The  fibres  of  the  anterior  commissure 
Hre  also  degenerated.* 

*  In  this  case  the  arms  were  greatly 
wasted  and  fliccid;  the  legs  were  para- 
lysed, rigid,  with  moderate  wasting.  The 
muscles  of  the  back  were  also  atrophied. 
In  the  arms  the  weakness  and  wasting 
came  on  at  the  same  time,  in  the  right 
arm  some  time  before  the  left.  The 
■boulder  muscles  suffered  firsts  bat  the 
atrophy  quickly  spread,  and  was  ulti- 
mately extreme  in  the  uioscles  of  the 
ihoulders,  forearms,  and  hands.  The  dis* 
ease  ran  a  rapid  course;  death  eocuned 
two  years  after  the  gradual  onset. 
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and  tbere  is  an  increase  of  the 
small,  angular,  and  stellate  cells 
and  other  connective-tissue  ele- 
ments. The  larger  vessels  are 
dilated  and  surrounded  by  un- 
duly wide  spaces,  but  there  is 
no  considerable  distension  of  the 
capillariea.  The  comu  as  a 
whole  is  not  nsuallv  changed 
either  in  size  or  shape.  Similar 
alterationsmay  be  traced  through 
the  dorsal  region.  In  the  lumbar 
enlargement  the  grey  matter  may 
be  normal,  even  when  it  is  much 
altered  in  the  cervical  region; 
but  if  the  legs  are  wasted  there 
are  changes  similar  to  those  al- 
ready described.  When  the 
atrophy  begins  in  the  legs,  the 
disease  may  be  more  intense  in 
the  lumbar  than  in  the  cervical 
enlargement;  but  more  often 
any  degeneration  that  exists  is 
slighter,  and  a  larger  number  of 
normal  or  slightly  changed  cells 

Fio.  164wProgretsWe  rontmlar  ntro- 
phj.  Ay  medulla  oblongata ;  degene-  * 
ration  of  the  anterior  pyramids,  a  p. 
By  cenrical,  C,  first  dorsal.  D,  first 
lambar.  E,  mld-lnmbar  sections.  The 
nerve-cells  have  disappeared  from 
the  anterior  comna,  eicept  in  E,  in 
which  a  fe«r  remain.  There  is  com- 
plete degeneration  of  the  pyramidal 
tracts,  anterior  and  lateral.  The  de- 
OQssation  at  the  medulla  wai  unequal 
in  this  case;  of  the  left  pyramid 
fewer  fibres  crossed  than  of  the  rigltt, 
and  hence  the  left  anterior  pyramidal 
tract  is  larger,  while  the  right  lateral 
tract  i«  smaller  than  normal,  nnd, 
moreorer,  has  ceased  st  the  middle  of 
the  lumbar  enlHrgement,  to  which 
the  left  anterior  tract  extends.* 


*  The  patient  was  a  man  forty-ei^ht 
jesrs  of  age.  The  disease  follou'ed  a 
•erere  exposure  to  cold.  The  wasting 
of  the  arma  was  extreme,  and  they  were 
sbiolntely  powerleits.  Ilie  legs  were 
mnob  less  wasted  than  the  arms,  but  very  wealc,  the  loss  of  power  being  out  of 
proportion  to  the  wasting:. 


550  SPINAL  OOUO. 

can  be  seen.  Sometimes  oertdin  groups  of  cells  ara  little  aiEectel 
while  others  are  much  atrophied.  The  degeneration  maj  inToIre  to 
some  extent  the  intermediate  grey  matter  between  the  oomita^  bat 
here  it  ceases ;  the  posterior  horn  is  always  normal 

There  is  distinct  degeneration  of  the  anterior  loot-fibres  paanng 
from  the  comu  through  the  anterior  column.  A  few  fibres  may 
remain,  but  whole  fasciculi  appear  to  be  replaced  by  fibrous  tissoe. 
There  is  also  degeneration  of  the  fibres  of  the  anterior  commiasure,  in 
consequence  of  which  it  stains  much  more  deeply  than  normal,  in  tha 
regions  in  which  the  grey  matter  is  considerably  diseased. 

In  the  white  columns  there  is  usually  considerable,  and  often  almost 
complete  degeneration  of  the  pyramidal  tracts,  anterior  and  lateraL* 
The  area  of  sclerosis,  resulting  from  the  degeneration  of  the  two 
tracts,  varies  in  extent  according  to  the  size  of  the  anterior  tract*  and 
to  the  distance  which  it  extends  down  the  cord.  In  Fig.  154  this  if 
illustrated  in  an  unusual  manner,  in  consequence  of  an  inequality  in 
the  decussation  of  the  pyramids  at  the  medulla,  fewer  fibres  of 
the  left  pyramid  having  crossed  than  of  the  right,  so  that  the  left  half 
of  the  cord  contains  more  than  its  proper  share  of  the  fibres,  and  the 
anterior  tract  extends  into  the  lumbar  region  even  further  than  does 
the  lateral  tract.  Where  the  direct  cerebellar  tract  exists,  this,  always 
unaffected,  limits  the  sclerosis  of  the  lateral  tract  on  the  outer  aide. 
On  the  inner  side,  the  "  lateral  limiting  layer  "  (see  p.  221)  is  nsnally 
much  less  degenerated  than  the  pyramidal  tract,  and  interrenea  be- 
tween the  latter  and  the  grey  matter ;  but  this  layer  suffers  in  some 
degree,  perhaps  by  the  affection  of  outlying  pyramidal  fibres  con« 
tained  in  it.  The  sclerosis  does  not  usually  cease  at  the  anterior 
extremity  of  the  pyramidal  tract,  but  extends  forward  in  the  **  mixed 
zone*'  of  the  lateral  column,  lessening  in  intensity,  and  ^wf^^g 
usually  opposite  the  outer  part  of  the  anterior  comu«  It  is  here 
most  intense  close  to  the  grey  substance,  and  ceases  before  it  reaches 
the  surface  of  the  cord,  the  antero-lateral  ascending  tract  being 
unaffected.  This  sclerosis  may  be  due  to  the  degeneration  <rf 
the  short  yerticaJ  fibres  that  pass  between  adjacent  regions  of  the 
anterior  comu,  and  which  share  the  degeneration  of  the  nenre-cells. 
Occasionally  it  extends,  in  slighter  degree,  into  the  anterior  columns. 
The  posterior  columns  are  always  free  from  definite  degeneration,  but 
there  may  be  some  general  increase  of  oonnectire  tissue  throughout 
the  whole  cord.    The  degeneration  of  the  pyramidal  tracts  is  usually 

*  I  bare  not  yet  met  with  a  single  case  of  progreadve  mnaca]ar  atrophy  in  which 
the  pyramidal  tracts  were  nnaffected.  Snoh  caaei  are  extremely  rare.  One  haa  been 
pnblished  by  Suampell  ('Zenker's  Zeitseh.,*  1887,  and  'Neur.  CentralbL,'  1688» 
p.  139}  which  was  characterised  by  the  general  wasting  of  the  arm,  a  Teiy  slow 
course,  and  the  absence  of  leg  symptoms.  The  spinal  nerre-cells  and  motur  nervw 
were  degenerated.  Other  cases  have  been  described  by  Villiers  (*  Jonm.  mM«  de 
Bnixelleo,'  1897)  and  by  BeeTor  in  a  oommnnieation  to  the  Kenrologieal  Sodsfy  «f 
London  in  1896. 
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flonsiderable  in  degree ;  often  most  of  their  fibres  seem  to  have  perished. 
If  it  is  incomplete  in  the  oervical  region,  it  may  be  slight  in  the  lower 
part  of  the  cord»  the  degenerated  fibres  being  chiefly  those  that  end 
in  the  oervical  enlargement  and  dorsal  region.  When  the  sderosis  is 
intense  it  is  not  confined  to  the  cord ;  it  can  be  traced  up  through  the 
decussation  (Fig.  153,  b)  and  through  the  medulla  oblongata,  in  which, 
as  Figs.  153  and  154  show,  the  whole  of  both  pyramids  may  be  degene- 
rated, so  that  they  stain  deeply,  and  no  nerve-fibres  can  be  dis- 
tinguished in  them.  The  degeneration  of  the  pyramids  has  been 
found  in  several  cases  to  extend  through  the  pons  and  cms  to  the 
internal  capsule,  and  even  through  the  white  substance  to  the  cortex. 
Above  the  capsule,  however,  the  pyramidal  fibres  are  so  mingled  with 
others  that  their  degeneration  is  no  longer  recognisable  by  the  deeper 
staining  of  a  definite  tract ;  but  it  has  been  detected  by  the  presence 
of  abundant  products  of  degeneration  in  the  path  of  ike  fibres.  In 
the  motor  cortex  the  large  ganglion-cells  have  been  found  fewer  than 
normal  and  distinctly  degenerated,  many  having  lost  their  processes ; 
and,  in  the  interstitial  tissue,  the  spider-ceHs  and  other  connective- 
tissue  elements  are  increased  in  number.*  But  the  degeneration  of 
the  pjrramidal  tracts  has  also  been  found  to  cease  at  the  cms  f  and  at 
the  decussation.^ 

In  cases  in  which  the  symptoms  of  bulbar  paralysis  were  present 
during  life,  the  motor  nuclei  of  the  medulla  have  presented  changes 
corresponding  to  those  of  the  grey  matter  of  the  spinal  cord,  with  a 
similar  degeneration  of  the  nerve-cells.  In  other  instances  the 
d^eneration  of  these  nuclei  has  been  slight,  but  in  such  cases  the 
degeneration  of  the  pyramids  has  been  intense,  and  doubtless  involved 
the  fibres  connecting  these  nuclei  with  the  cortex  of  the  brain. 

The  sympathetic  nerves  and  ganglia,  when  examined,  have  been 
found  normal,  or  have  only  presented  such  changes  as  are  common 
apart  from  symptoms  of  disease  of  the  nervous  system. 

FATHOLoaT. — The  theories,  according  to  which  the  disease  was 
regarded  as  primarily  one  of  the  muscles  or  of  the  sympathetic  nerves, 
have  now  only  an  historical  interest.  The  constancy  of  the  changes 
in  the  ganglion-cells  of  the  spinal  cord,  the  degeneration  of  the  motor 
root-fibres,  and  the  analogous  effects  of  acute  lesions  of  the  anterior 
comua,  leave  no  doubt  of  the  relation  of  the  muscular  wasting  to  the 
disease  of  the  grey  matter,  and  essentially  to  that  of  the  ganglion-cells, 
and  the  fibres  proceeding  from  them.  The  slowness  of  the  change 
causes  the  impairment  of  the  nutrition  of  the  muscular  fibres  to  pro- 
ceed pari  passu  with  that  of  the  nerve-elements,  and  the  interference 
with  motor  conduction  to  be  proportioned  to  both.  We  are  thus  able 
to  understand  the  condition  of  electrical  excitability,  and  its  slow 

*  KoBcbewnikoff,  'Archives  de  Neurologie,'  1883,  No.  18;  and  'Centralbl.  f. 
Kerveukr.,'  1885,  p.  409;  Marie, '  Ncnr.  Ceutralbl.,'  1884,  p.  61. 

t  Rovighi  and  Mclotti,  loo.  dt.}  Dornbluth, '  Neur.  Centimlbl.,'  1889,  p.  877. 
{  HoeU,  'Arch.  f.  Psjch.,'  z,  718. 
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f ailtire,  as  nerve  and  muscle  degenerate  together.  It  is  ovij  wlien  the 
slow  degeneration  is  varied  bj  a  more  acute  process  of  destractioii  of 
cells  and  more  rapid  degeneration  of  fibres  that  the  muscular  tissue  is 
for  a  long  time  less  damaged  than  the  nerve-fibres,  and  |niesentB 
paralysis  in  excess  of  the  wasting,  with  a  voltaic  irritability  in  ezoeM 
of  the  faradic  irritability  of  the  nerve-endings  (p.  30).  Thus  the 
essential  lesion  of  the  diseasjc  is  a  slow  decay  of  the  lower  segment  of 
the  motor  path,  the  segment  which  consists  of  the  ganglion-cells  and 
their  prolongations  in  the  axis-cylinders  of  the  nerve-fibres  (see  p.  213). 
To  this  the  conspicuous  symptom,  the  muscular  wasting,  is  secondary. 
It  ie  perhaps  better  thought  of  as  a  degeneration  of  the  whole  segment 
than  as  simply  a  lesion  of  the  ganglion-cells,  although  the  latter 
being  the  element  on  which  the  nutrition  of  the  segment  depends,  the 
two  views  are  merely  different  modes  of  stating  the  same  fact.* 

But  the  disease  is  rarely  limited  to  the  lower  segment  of  the 
motor  path.  The  cases  mentioned  in  the  note  on  p.  550  are  an 
example  of  such  rare  limitation — an  "  exception  tJmt  proves  the  rule.'*t 
We  have  seen  that  the  pyramidal  tracts  are  commonly  degenerated, 
and  it  is  probable  that  the  degeneration  often  extendd  throughout  their 
entire  extent,  and  involves  the  motor  cells  of  the  cortex.^  Thus  the 
upper  segment  is  often  degenerated  as  well  as  the  lower  segment.  In 
the  presence  of  that  complete  degeneration  of  the  lower  segment 
which  causes  the  atonic  atrophy  of  the  muscles,  the  degeneration  of 
the  upper  segment  can  cause  no  symptoms.  The  loss  of  power 
that  it  would  produce  is  also  caused  by  the  degeneration  of  the  lower 
segment,  and  the  latter  abolishes  the  myotatio  irritabilily,  excess  of 
which  is  the  characteristic  indication  of  disease  of  the  upper  segment. 
Hence  the  degeneration  of  the  upper  segment  of  the  motor  path  for 
the  muscles  that  present  the  atonic  atrophy  cannot  as  a  rule  be  recog- 
nised during  life,  for  it  cannot  produce  its  characteristic  symptoms. 

What  is  the  relation  between  the  degeneration  of  the  two  segments, 
between  the  lateral  sclerosis  and  the  affection  of  the  ganglion-cells  P 
We  cannot  assume  (as  some  have  been  inclined  to  do)  that  the  affection 
of  the  upper  segment  is  secondary  to  that  of  the  lower,  because  a 

*  In  a  few  anomalout  cases,  degeneration  of  tbe  motor  cells  of  the  cord  has  been 
met  with  when  no  degeneration  could  be  detected  in  the  peripheral  mixed  nerves 
(see  Eronthal, '  Neur.  Centralbl./  1891,  p.  138).  The  interpretation  of  these  eases 
is  at  present  uncertain.  Possibly  complete  disappearance  of  some  fibres  left  the 
rest  apparently  normal,  although  the  skill  of  the  investigators  renders  this  explana- 
tion difficult  to  accept.  Many  more  obsenrations,  however,  are  needed  to  justify  a 
modification  of  current  views. 

t  Moreover  the  fact  that  these  cases  may  not  be  primarily  spinal  mnst  be  borne 
in  mind. 

X  At  the  same  time  we  have  seen  (p.  265)  that  the  nutritionMl  stability  of  nerve- 
fibres  is  less  in  iheir  lower  than  in  their  upper  parts,  and  that  their  isolated  degene- 
ration may  be  greatest  in  the  lower  parts.  That  this  may  sometimes  also  be  the 
case  in  these  pyramidal  fibres  is  suggested  by  the  fact  already  stated  that  the 
degeneration  may  extend  no  higher  than  the  deonssation  of  the  crura  cerebri. 
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{oimarj  lesion  o£  the  grej  matter,  such  as  occurs  in  polio-myelitis, 
does  not  cause  ascending  degeneration  of  the  related  pyramidal  fibres. 
Moreover,  eren  a  complete  interruption  of  the  pyramidal  tracts  is 
followed  by  no  d^eneration  of  their  upper  parts.  Hence  the  intense 
degeneration  met  with  in  progressive  muscular  atrophy  cannot  be 
regarded  as  secondary.  Neither,  when  there  is  atonic  atrophy,  can 
we  consider  the  afEeciion  of  the  upper  segment  to  be  the  primary  lesion, 
and  to  be  the  cause  of  that  in  the  lower.  In  the  seat  of  slight  atrophy 
there  are,  as  a  rule,  no  indications  of  the  preceding  degeneration  of 
the  upper  segment,  which  would  certainly  exist  if  this  lesion  were  the 
primary  change.  Moreover  degeneration  of  the  upper  segment  does 
not  necessarily  cause  any  degeneration  of  the  lower.  It  is  a  matter  of 
every-day  observation  that  intense  degeneration  of  the  termination  of 
the  upper  segment  may  occur,  from  dorsal  myelitis,  for  instance,  with- 
out  any  considerable  wasting  of  the  legs,  and  such  degeneration  has 
never  been  known  to  excite  the  complete  degeneration  of  the  lower 
s^^ment  which  causes  atonic  atrophy.  Hence  the  only  adequate 
explanation  of  the  facts  is  that  the  degeneration  of  the  upper  and 
lower  segments  is  simultaneous,  or  if  not  simultaneous,  at  least  so  far 
independent  that  neither  is  the  cause  or  consequence  of  the  other; 
both  are  the  results  of  the  same  tendency  to  degeneration  of  the 
motor  path.*  Atonic  muscular  atrophy  is  thus,  at  least  in  many 
eases,  the  visible  expression  of  a  tendency  to  decay  of  the  whole  motor 
path  from  the  cortex  of  the  brain  to  the  muscles. 

'llie  weakness  of  some  parts,  as  the  legs,  with  excessive  myotatic 
irritability,  often  going  on  to  spasm,  is  explained  by  the  degeneration 
of  the  pyramidal  fibres  for  the  legs,  the  lower  segment  being  imaffected. 
It  is  easy  to  understand  that  the  affection  of  the  upper  segment,  and 
escape  of  the  lower,  or  the  affection  of  both,  may  vary  much  in  relative 
extent,  and  give  rise  to  ^he  multSorm  varieties  already  mentioned.  In 
euch  a  case  the  nerve-cells  for  the  part  thus  paralysed  are  normal. 
This  weakness  of  the  legs  usually  succeeds  the  wasting  in  the  arms, 
and  in  most  cases  in  which  spastic  paraplegia  is  followed  by  atrophy 
in  the  arms,  the  latter  have  not  shared  the  spastic  palsy.  When  this 
eondition  is  associated  with  slight  wasting  of  the  legs,  without  con- 
siderable change  in  electrical  irritability,  the  condition  exists  that  we 
have  more  than  once  considered,  in  which  we  must  assume  that  the 
motor  nerve-cells  of  the  cord,  while  structurally  intact,  undergo  slight 
changes  in  nutrition.  In  this  condition  there  are  many  nerve-cells  of 
normal  appearance  in  the  grey  matter ;  the  alterations  in  nutrition  are 
too  slight  to  cause  changes  in  aspect,  or  if  there  are  such  changes  we 
have  not  yet  learned  to  detect  them.  They  are  perhaps  results  of  the 
degenerative  changes  in  the  termination  of  the  upper  cegment;  when 
such  degeneration  is  secondary  to  a  focal  lesion  of  the  cord  or  brain, 
the  changes  in  nutrition  of  the  cells  seldom  attain  such  a  degree  as  to 

*  See  case  published  by  Mott     Braiu,'  1805. 
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arrest  the  mjotatic  irritabilitj,  or  to  cause  wasting  such  as  atteads  tlia 
destruction  of  these  cells. 

In  some  cases,  howerer,  the  muscular  wasting  may  be  greats  althoagb 
the  increase  of  mjotatic  irritability  persists.  In  these  cases,  as  we 
have  seen,  there  is  considerable  rigidity  of  the  muscles  throughout  th6 
whole  course  of  their  wasting,  the  condition  that  we  haye  termed 
"  tonic  atrophy."  In  such  a  condition  it  is  common  to  find  that  many 
nerve-cells  hare  disappeared  or  are  very  small,  but  others  remain 
normal  or  slightly  chan<^ed  in  aspect.  Apparently,  in  addition  to 
the  degeneration  of  the  upper  segment  and  to  the  nutritional  changes 
just  mentioned,  we  hare  then  a  considerable  degeneration  of  many, 
but  not  destruction  of  aU,  the  elements  of  the  lower  segment.  We 
cannot  regard  this  as  simply  secondary  to  the  degeneration  of  the 
upper  segment,  for  the  reasons  already  given.  It  must  be  the 
expression  of  a  distinct  pathological  tendency  similar  to  that  which 
elsewhere  causes  the  atonic  atrophy  and  total  wasting,  but  slighter 
in  extent  and  later  in  time — insufficient  to  prevent  the  less  affected 
cells  from  causing  rigidity  under  the  influence  of  the  degeneration 
of  the  upper  segment.  It  is  doubtful  whether  the  tonic  atrophy  ever 
goes  on  to  atonic  atrophy.  Theoretically  conceivable,  it  is  certain 
that  if  it  ever  occurs  it  is  extremely  rare.  Nor  does  it  seem  that  atonio 
atrophy  ever  gives  place  to  tonic  atrophy  with  excessive  myotatio 
irritability.  The  rigidity  of  tonic  atrophy  is  due  to  the  degeneration 
of  the  upper  segment,  but  the  effect  is  not  produced  if  the  lower 
segment  is  already  the  seat  of  such  extensive  degenerative  changes  as 
abolish  myotatic  irritability.  The  pyramidal  fibres  for  the  parts  that 
are  the  seat  of  atonic  atrophy  are  constantly  found  degenerated^ 
although  the  muscles  have  been  flaccid  to  the  last.  In  the  rare  cases 
(mentioned  on  p.  540)  in  which  muscles  with  atonio  atrophy  become 
rigid  towards  the  end  of  the  proces^  it  is  probable,  as  the  tenderness 
suggests,  that  the  rigidity  is  idiopathic,  due  to  the  changes  in  the 
muscles,  and  is  not  det)endent  on  the  central  nervous  system.  It  may 
be  the  result  of  the  increase  in  the  interstitial  connective  tissue,  and 
the  longitudinal  division  and  fibrillation  by  which  the  muscular 
fasciculi  come  to  resemble  bundles  of  connective-tissue  fibres.  It  is 
also  possible  that  similar  idiopathic  muscular  changes  may  ultimately, 
in  tonic  atrophy,  maintain  and  increase  the  rigidity  that  is  primarily 
dependent  upon  the  spinal  cord. 

It  has  been  mentioned  that  the  cases  in  which  the  legs  present 
the  simple  palsy  and  spasm,  or  the  tonic  atrophy,  which  indicate 
degeneration  of  the  pyramidal  tracts,  have  been  separated  by  Charcot, 
and  termed  "  amyotrophic  lateral  sclerosis,"  the  separation  being  based 
on  the  assumption  that  in  such  cases  the  primary  lesion  is  the  degene- 
ration of  the  pyramidal  tracts,  and  that  the  affection  of  the  grey 
matter  is  secondary  or  "  deuteropatnic,"  even  where  the  atrophy  is 
atonic.  We  have  seen  also  that  this  assumption  is  unwarranted  so  far 
as  the  atonic  atrophy  is  concerned.     It  is  probable  that  the  pyramidal 
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tracts  are  degenerated,  if  not  constantly,  at  any  rate  in  such  a  very 
large  propoi-tion  of  the  cases  of  progressive  muscular  atrophy,  that 
Charcot's  distinction  is,  in  effect,  giving  a  new  name  to  an  old  disease^ 
and  that  the  sequence  is  not  that  indicated  by  the  name.  Whether 
there  are  indications  of  lateral  sclerosis  or  not  depends  on  the 
circmnstance  whether  the  degeneration  of  the  pyramidal  fibres  is  or  is 
not  more  extensive  than  the  complete  degeneration  of  the  nerve-ceUs 
that  causes  atonic  atrophy.  If  the  latter  is  universal  the  pyramidal 
tracts  may  be  totally  degenerated,  and  yet  there  may  be  none  of  the 
characteristic  indications  of  such  degeneration.  On  the  other  hand, 
both  arms  and  legs  may  be  the  seat  of  the  spastic  paralysis  that 
indicates  pyramidal  degeneration,  and  atonic  atrophy  may  be  limited 
to  a  few  muscles  of  the  hands.  Between  these  we  have  every  grada- 
tion, in  degree  and  distribution,  of  atonic  atrophy,  spastic  paralysis, 
and  tonic  wasting. 

The  process  in  the  grey  matter  has  been  regarded  by  some  as  a 
chronic  inflammation.  The  occasional  rapid  increase  in  the  symptoms 
may  be  thought  to  be  justification  for  this  view;  but  the  process  in 
genera]  is  at  the  degenerative  extremity  of  the  series  of  nerve  lesions. 
The  principle  involved  in  this  question  has  been  already  discussed, 
and  we  have  seen  that,  whatever  be  the  nature  of  the  primary  process, 
we  must  recognise  secondary  tissue  changes  of  independent  energy, 
and  that  a  distinct  process  of  inflammation  mHy  occasionally  form  part 
of  these  (see  p.  443).  The  significance  of  the  occurrence  of  inflamma- 
tion may  therefore  easily  be  overrated,  so  far  as  concerns  the  question 
of  the  process,  and  the  tissue-elements  in  which  the  disease  b^;ins. 

Diagnosis. — The  simultaneous  and  gradual  onset  of  weakness  and 
wasting,  the  slow  but  progressive  increase  and  extension  of  the 
symptoms,  render  the  diagnosis  of  the  developed  malady  simple  and 
easy.  At  the  onset,  when  only  a  single  musde  or  group  of  muscles  is 
af^cted,  the  question  arises  whether  the  atrophy  is  local  or  is  the 
commencement  of  a  wider  affection.  Local  atrophy  is  said  sometimes 
to  occur  from  great  over-use  of  a  muscle,  especially  one  of  the  small 
muscles  of  the  hand ;  but  such  a  cause  is  extremely  rare,  and  only  to 
be  suspected  on  the  clearest  indications. 

As  a  rule,  the  local  atrophy  from  which  the  affection  has  to  be  dis- 
tinguished is  that  due  to  disease  of  the  nei'ves.  The  wasting  from 
disease  of  single  nerves  or  at  a  plexus  (as  the  brachial)  is  sufficiently 
distinguished  by  its  limitation,  coupled  with  its  rapid  onset  and 
associated  sensoiy  symptoms.  Much  more  difficult  is  the  distinction 
of  some  forms  of  multiple  neuritis.  The  difficulty  presents  itself 
chiefly  in  two  forms :  ^1)  when  the  spinal  affection  begins  as  sub- 
acute atrophic  palsy  (see  p.  544);  (2)  when  neuritis  affects  chiefly 
motor  branches,  as  in  the  arms  in  lead  poisoning,  or  in  the  legs  in 
alcoholism,  &c.  In  the  first  case  it  is  necessary  to  wait  for  signs  of 
slower  wasting  in  other  parts  than  those  first  aiBected  before  a 
diagnoas  can  be  made.    In  the  second,  a  careful  search  will  generally 
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reveal  other  Bymptoms  of  neuritiB,  and  a  known  cause  ii  nsoallj 
obtrusiTe. 

In  pachymeningitis  of  the  cervical  region,  with  considerable  damage 
to  the  nerve-roots,  the  wasting  in  the  arms  maj  resemble  that  of 
progressive  mnscnlar  atrophy,  and  there  is  often  weakness  with 
rigidity  in  the  legs ;  but  the  wasting  is  less  chronic  in  onsets  and  is 
always  accompanied  by  distinctive  sensory  symptoms, — ^by  acute  pains, 
and  usually  by  ansBsthesia,  irregular  in  distribution,  l^e  same  dis- 
tinctions suffice  for  the  diagnosis  in  diseases  of  the  ne:Te-roots  of  the 
Cauda  equina,  as  by  a  tumour.  This  may  cause  slow  wasting  in  the 
legs,  but  there  is  always  severe  pain  and  loss  of  sensibility.  Chronic 
disseminated  myelitis  may  cause  wide-spread  muscular  atrophy,  but  is 
distinguished  by  the  presence  of  symptoms  of  irregular  damage  to 
other  structures  in  the  cord.  The  diagnosis  from  syringomyelia  will 
be  considered  in  the  account  of  that  disease. 

From  primary  muscular  atrophy,  "  idiopathic  atrophy,"  a  variety  of 
"  muscular  dystrophy,**  as  it  has  been  termed,  the  diagnosis  is  some- 
times easy,  sometimes  very  difficult.  It  is  easy  in  the  pseudo-hyper- 
trophic  form,  and  often  also  in  the  atrophic  variety  (the  cases  in  which 
no  muscles  are  large),  on  account  of  its  characteristic  distribution^  its 
course,  the  age  at  which  it  begins,  and  the  tendency  to  affect  many 
members  of  a  family,  and  males  more  than  females — ^features  that  will 
be  presently  described.  Whenever  several  cases  of  muscular  atrophy 
occur  in  a  family,  or  during  childhood  or  youth,  the  probability  is 
great  that  they  are  idiopathic  and  not  spinaL  Indeed*  the  idiopathic 
form  is  to  be  suspected  whenever  muscular  atrophy  begins  under 
twenty,  unless  there  are  distinctive  spinal  symptoms.  But  cases  axe 
sometimes  met  with  in  which  idiopathic  atrophy  begins  in  adult  life» 
and  the  distinction  of  such  cases  may  be  very  difficult,  and  will  be 
better  understood  after  a  perusal  of  the  accoimt  of  that  disease. 

Pboonosis. — The  progressive  character  of  the  malady  renders  the 
prognosis,  in  every  case,  grave  and  uncertain.  The  chief  guide  is  the 
observed  tendency  of  the  morbid  process,  both  the  fact  of  its  actual 
advance  and  the  energy  it  manifests.  At  the  same  time  there  is  a 
possibility  of  arrest,  greater  in  middle  life  than  in  old  age.  Some  in. 
crease  of  atrophy  in  the  parts  already  affected  may  occur  for  a  short 
time  after  the  process  in  the  cord  has  ceased  to  spread — ihe  muscular 
wasting  going  on  until  it  corresponds  to  the  changes  in  the  nerves  that 
have  already  taken  place.  The  prospect  of  arrest  seems  to  be  greater 
in  the  cases  in  which  the  wasting  is  strictly  symmetrical  and  nearly 
simultaneous  on  the  two  sides  than  in  those  in  which  it  is  irregular, 
and  attacks  the  second  side  when  it  has  attained  a  marked  degree  in 
the  first.  Spontaneous  cessation  unfortunately  seldom  tends  to  occor 
imtil  an  advanced  stage  is  reached ;  but,  as  the  result  of  treatment, 
arrest  may  take  place  at  any  stage.  The  danger  to  life  is  chiefly  pro- 
portioned to  the  interference  with  the  muscles  of  respiration*  and  to 
the  indications  of  implication  of  the  medulla.     Bulbar  symptoms 
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the  gravity  of  tlie  prognosis,  especiallj  when  definite  weak- 
ness can  be  recognised.  Slight  vague  difficulty  in  articulation  may 
remain  stationary  for  jears^  and  does  not  necessarily  render  the 
prognosis  worse,  especially  if  the  atrophy  elsewhere  does  not  increase 
rapidly.  If  the  malady  ceases  to  advance,  the  prospect  of  any  recovery 
depends  on  the  rate  at  which  the  disease  has  progressed.  Becent 
rapid  loss  of  power  may  be  to  some  extent  recovered  from,  especially 
when  the  muscles  present  the  degenerative  reaction.  Wasting  that 
has  existed  for  six  months  will  probably  persist  unchanged.  In  a 
typical  chronic  case  there  is  little  hope  of  any  actual  recovery  of  tissue 
or  power.  The  effects  depend  on  a  slow  destruction  of  nerve-elements, 
the  renewal  of  which  seems  to  be  impossible. 

Tbbatmbkt. — The  first  important  element  is  to  secure  favorable  con- 
ditions of  life,  and  to  maintain  the  general  health  in  as  perfect  a  state 
as  possible.  Fresh  air  and  gentle  exercise  are  important,  but  all 
fatiguing  exertion  should  be  avoided,  and  likewise  all  mental  strain. 
When  the  patient  becomes  helpless,  great  care  is  necessary.  Bedsores 
in  this  disease  mean  inattention,  and  may  always  be  avoided. 

Only  one  method  of  treatment  has,  in  my  ^wn  experience,  shown 
itself  capable  of  arresting  the  disease,  not  indeed  in  all,  but  in  more 
than  half  the  cases  in  which  it  has  been  employed.*  It  is  the  admin- 
istration of  strychnia  by  hypodermic  injection.  In  seven  almost  con- 
secutive cases,  in  middle  life,  this  treatment  has  been  followed  by 
arrest  within  a  month  of  its  commencement,  and  the  arrest  has  been 
permanent  in  all  the  cases  but  one.  In  the  senile  cases  the  treatment 
has  failed,  but  in  most  of  them  the  disease  was  in  an  advanced  stage, 
and  the  lumbar  cord  had  hegun  to  suffer.  In  some  of  the  cases 
in  which  the  result  was  prompt  and  distinct,  stiychnia  given  by  the 
mouth  had  failed.  It  is  conceivable  that  the  different  result  is  due 
to  the  fact  that  the  agent  is  brought  into  more  rapid  contact  with  the 
nerve-elements,  perhaps  in  purer  form.  Its  action  may  possess  greater 
momentum,  as  it  were,  and  may  thus  exert  an  influence  on  the  nutrition 
of  the  nerve-elements  much  more  considerable  than  when  it  is  slowly 
absorbed  from  the  alimentary  canal.  One  injection  daily  has  been 
given,  at  any  convenient  place.  The  nitrate  is  the  most  convenient 
salt,  one  fiftieth  of  a  grain  at  first,  quickly  increased  to  one  twentieth 
or  one  fifteenth.  The  injections  need  to  be  continued  for  months. 
When  the  malady  is  apparently  arrested,  it  is  well  to  intermit  the 
injections  for  one  week  in  three  or  four.  Other  nervine  tonics  seldom 
exert  a  distinct  influence,  but  those  that  are  useful  in  other  degenera- 
tive diseases,  as  tabes,  such  as  arsenic,  may  be  given  by  the  mouth  at 
the  same  time  as  the  injections  are  employed.      In  a  malady  so  grave 

•  At  lint  I  regarded  the  apparent  result  with  doubt,  but  careful  and  repeated 
ofaeervatloni  bare  made  it  Impoiwible  to  conaider  the  arrest  of  the  disease  as  other 
than  the  direet  effect  of  the  treatment.  It  maj  be  asked.  Why  should  not  a  larger 
dose  by  the  mouth  bo  equally  effeotiTO  f  It  does  not  seem  to  be,  is  the  only  answor 
that  ean  be  giTen. 
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it  ia  desirable  to  neglect  nothing  that  maj  possiblj  exert  a  beneficial 
influence. 

Local  treatment  of  the  muscles  has  Terj  little  influence  on  the 
wasting,  as  maj,  indeed,  be  expected  from  its  nature.  The  most 
sedulous  and  skilful  use  of  electricily,  voltaic  or  f aradic,  fails,  as  a 
rule,  to  produce  alone  any  effect  on  the  course  of  the  disease.  If  the 
malady  is  progressing  at  the  same  rate  in  each  arm,  and  the  muscles  of 
one  arm  are  regularly  treated  with  electricity,  while  those  in  the  other 
arm  are  left  alone,  no  diflerence  can  be  detected  in  the  rate  of  wasting 
on  the  two  sides.  It  is  possible,  neyertheless,  that  electricity  some- 
times does  a  little  good.  In  cases  in  which  a  rapid  loss  of  power  has 
occurred,  and  weakness  is  out  of  proportion  to  the  wasting,  some  re- 
ooveiy  is  possible,  and  there  is  no  doubt  that  the  excitability  of  the 
muscular  tissue  is  maintained  for  a  longer  time  by  galyanism,  although 
the  bulk  of  the  muscle  may  not  be  influenced.  In  other  eases  all  that 
can  be  said  is  that  the  influence  of  electricity,  properly  applied,  is  in 
the  right  direction.  Moreover  the  disease  is  one  of  diose  in  which 
patients  find  it  hard  to  believe  that  electricity  cannot  help  them,  and 
the  probability  is  that  «their  conviction  will  be  fostered  by  some  medical 
adviser.  It  is  one  of  the  diseases  in  which  unjustifiable  assertions  are 
too  often  made  that  early  electrical  treatment  would  have  been  suc- 
cessful. It  may  be  well,  therefore,  if  only  to  satisfy  the  patient  that 
nothing  has  been  left  untried,  that  a  careful  course  of  electrical 
treatment  should  be  adopted.  Faradism  may  be  used  if  the  muscle 
are  sensitive  to  it,  but  if  they  present  any  gi*eater  irritability  to 
voltaism  it  is  better  to  use  this.  It  is  immaterial  whether  the  appli- 
cation be  confined  to  the  muscles  or  whether  one  electrode  be  placed 
over  the  affected  part  of  the  spinal  cord.  The  latter  method  has  no 
disadvantages,  but  my  own  observations  have  failed  to  confirm  the 
confident  statements  sometimes  made  regarding  its  superiority.  It  is 
very  important  that  the  current  strength  employed  should  be 
moderate.  Strong  applications  often  cause  much  subsequent  pain, 
and  even  increased  disability,  and  should  be  carefully  avoided.  I 
have  known  a  rapid  increase  of  weakness  follow  a  strong  application 
in  a  way  that  convinced  the  patient,  at  least,  that  the  two  were 
connected. 

Rubbing  and  massage  of  the  muscles  have  been  frequently  employed, 
and  of  this  treatment  also  it  may  be  said  that  its  influence  is  in  the 
right  direction,  although  usually  inappreciable  so  far  as  the  muscular 
atrophy  is  concerned.  Combined  with  passive  movement,  the  influence 
of  rubbing  in  preventing  and  diminishing  deformities  is  more  distinct. 
No  special  bath  treatment  is  of  service.  When  the  disease  occurs  in 
the  subjects  of  syphilis,  specific  treatment  invariably  fails,  and  I  have 
even  known  the  progress  of  the  disease  to  be  distinctly  accelerated  by 
an  energetic  course  of  treatment  both  with  iodide  and  with  mercuiy. 
It  is  important  that  all  treatment  should  be  pursued  in  moderation, 
and  that  its  effects  should  be  carefully  watched. 
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Abthbitio  MvsoxrxiAB  Atbopst. 

Aiticiilar  inflammation  is  almost  inyariablj  attended  irith  rapid 
wasting  of  the  muscles  that  move  the  joint.  This  occurs  equally^ 
whaterer  be  the  cause  of  the  inflammation,  and  whether  this  is 
spontaneous  or  traumatic.  It  attends  chronic  as  well  as  acute  inflam- 
mations, and  occurs  in  animals  if  joint  inflammation  is  produced  in 
them.* 

The  muscles  that  waste  are  chiefly  those  which  extend  the  affected 
joint.  The  atrophy  is  well  seen  in  the  muscles  in  front  of  the  thigh 
when  the  knee  is  inflamed.  If  the  ankle  is  affected,  the  calf  muscles 
chiefly  waste ;  if  the  hip,  the  glutei ;  if  the  wrist,  the  extensor  muscles  of 
the  forearm;  the  triceps  when  the  elbow  is  affected ;  the  deltoid  when 
the  shoulder-joint  is  inflamed.  In  rheumatoid  arthritis  of  the  finger- 
joints  such  wasting  is  usually  Tety  conspicuous  in  the  interossei,  and 
especially  in  the  abductor  Indicis.  The  atrophy,  however,  sometimes 
inyolyes  the  flexors  as  well  as  the  extensors,  and  rarely  muscles  of  the 
limb  that  are  near  but  do  not  moye  the  affected  joint.  In  yeiy  rare 
cases  all  the  muscles  of  a  limb  haye  presented  some  wasting.  Cases 
in  which  the  atrophy  is  unusual  in  distribution,  and  especially  when 
it  is  on  the  distal  side  of  the  affected  joint,  must  be  regarded  with 
some  suspicion,  because  inflammation  may  haye  spread  from  the  joint 
to  a  nerye,  and  distant  wasting  may  haye  been  l^us  produced.  It  is 
said  that  there  is  sometimes,  at  the  onset,  a  considerable  weakening 
of  the  muscle,  interfering  with  moyement  more  than  can  be  accounted 
for  by  the  pain  in  the  joint  which  moyement  causes,  and  that  such 
initial  palsy  is  transient  (Yaltat,  IXuchenne).  But  the  pain,  by  its 
inhibitoxy  influence,  usually  obscures  such  palsy,  which  is  indeed  con- 
fessedly rare. 

The  atrophy,  on  the  other  hand,  may  be  regarded  as  almost  con- 
stant. If  the  onset  of  the  joint  affection  is  acute,  the  wasting  occurs 
rapidly;  in  a  week  or  ten  days  a  difference  in  the  circumference  of 
the  limb  may  be  detected  by  measurement.  Howeyer  lon^  the  affected 
muscle  may  be,  the  wasting  inyolves  the  whole  length  of  it,  and  not . 
merely  the  part  in  the  neighbourhood  of  the  diseased  joint.  The 
degree  yaries;  usually  moderate,  and  sometimes  slight,  it  is  occa- 
sionally considerable,  so  that  the  femur  may  be  readily  felt  when  the 
quadriceps  femoris  is  the  seat  of  the  wasting;  or  the  head  of  the 
humerus  may  be  distinct,  and  the  acromion  prominent,  if  the  deltoid 
is  affected.  Although  the  whole  length  of  the  affected  muscle  is 
always  inyolyed,  if  the  muscle  is  a  wide  and  oompoimd  one  some 
parts  may  suffer  chiefly.    Thus  in  the  thigh  aU  parts  of  the  extensor 

•  Vsltat, « ArehWes  g^n^rales/  1877t  tome  xxz.  pp.  159  tnd  82U  The  subject 
kM  been  dieooeted  by  Valpian  ('  Lemons  sor  I'App.  VMO-motear,'  1876,  t.  ii)  and  by 
Paget  ('  Lnnoet,'  1878,  toL  ii,  p.  727,  in  a  leoture  repnUiahed  in « CUnieal  Leolures 
and  £aM>H/  1876,  p.  208). 
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maj  waste  equally,  or  the  rectus  or  vastuB  intemus  maj  su&r  more 
than  the  other  parts.  Tho  wasting  increases  during  two  or  three 
weeks,  then  becomes  stationary,  but  continues  as  long  as  the  joint 
disease  lasts.  When  the  joint  has  recoyered,  the  musdes  in  most 
sases  slowly  r^;ain  their  normal  size.  Oocamonally,  especially  when 
the  arthritis  has  lasted  a  long  time,  the  wasting  may  oontiniie  for 
months  or  years  after  the  joint  disease  is  at  an  end. 

The  electrical  irritability  of  the  atrophied  musdes  may  be  normal, 
but  is  often  slightly  lowered,  equally  to  faradism  and  voltaism.  The 
change  is  trifling,  to  be  recognised  only  by  comparison  with  the  other 
side.  There  is  generally  a  distinct  and  sometimes  a  considerable 
local  increase  in  myotatic  irritability;  the  knee-jerk  is  excessiye  if 
the  thigh  muscles  are  afEected,  and  a  rectus-clonus  can  sometimes  be 
obtained.  A  foot-clonus  may  be  elidted  when  the  ankle-joint  is 
affected.  Occasionally  the  increased  irritability  eztejids  beyond  the 
region  of  atrophy,  so  that,  for  instance,  a  foot-donus  may  be  obtained 
when  the  knee-joint  and  thigh  muscles  are  affected,  although  there  is 
no  wasting  below  the  knee.  As  an  example  of  this,  which  illustrates 
also  the  occasional  persistence  of  the  atrophy,  may  be  mentioned  the 
case  of  a  young  man  who  jumped  over  a  hoarding  and  twisted  his  left 
leg  in  doing  so.  He  felt  immediatdy  severe  pain  in  the  knee,  the 
joint  quickly  swelled,  and  became  the  seat  of  an  acute  inflammation 
which  lasted  for  sereral  weeks,  and  then  dowly  subsided.  During  the 
inflammation  the  thigh  wasted.  I  saw  him  two  years  after  the  onsets 
and  there  was  still  considerable  wasting,  involring  the  whole  of  the 
extensor  of  the  knee.  The  minimum  circumference  of  the  left  thigh 
above  the  knee  was  three  quarters  of  an  inch  less  than  that  of  the 
light,  although  there  was  no  difference  between  the  two  legs  bdow  the 
knee.  There  was  a  slight  diminution  in  faradic  and  roltaic  irritability 
in  the  affected  muscles.  The  knee-jerk  was  much  more  oonsideraUie 
on  the  left  than  on  the  right  side,  and  there  w&b  well-marked  foot- 
donus  in  the  left  leg,  but  none  in  the  right.  A  year  and  a  half  later 
the  symptoms  were  unchanged.  Very  rardy  some  contractore  oocurs 
in  the  opponents  of  the  atrophied  muscles.  Sensory  symptoms  are  as 
a  rule  absent,  but  there  may  be  slight  tingling  in  the  skin  during  the 
acute  stage ;  it  is  said  that  areas  of  ansMthesia  sometimes  develop,  but 
probably  in  such  cases,  inflammation  has  extended  to  a  nerve  in  the 
vicinity  of  the  joint. 

Pathology. — ^Few  facts  have  been  ascertained  regarding  the  con* 
dition  in  man.  In  one  case,  carefully  investigated,  the  only  chaDge 
was  in  the  muscles,  and  consisted  merdy  in  a  narrowing  of  the  fibres, 
one  half  of  which  were  bdow  the  normal  average,  while  no  less  than 
84  per  cent,  fell  short  of  a  standard  which,  in  health,  only  21  per  cent 
failed  to  reach.*  A  few  presented  longitudinal  striation  (as  in 
Fig.  150),  and  some  of  normal  width  were  tmduly  tortuous;  other- 
wise their  aspect  was  normaL  The  sheath  nudd  w^ne  proliferated  in 
•  DarkschewiUch,  '  Near.  CentV  1891,  p.  858. 
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plaoei»  and  apart  from  this  change  the  intermediate  substance  pre- 
sented local  increase  in  quantity,  espedallj  where  the  fibres  were 
■arrower  than  normal.  This  observation  agrees  with  those  that  have 
been  made  on  animals,  in  which  the  condition  has  been  prodaoed,  and 
in  them,  moreorer,  the  motor  nerves  haTs  been  fonnd  normal 
(Yaltat).*  Indications  of  inflammation  have  been  fonnd  in  the  joint 
nenreSft  as  might,  indeed,  be  expected,  whatever  the  mechanism  (d  the 
atrophy.  Tisible  changes  in  the  spinal  cord  have  never  been  discovered, 
but  this  does  not  ezdude  nutritional  changes. 

We  maj,  therefore,  exclude  from  the  possible  causes,  all  forms  of 
motor  neuritis,  both  simultaneous,  due  to  the  cause  of  the  joint 
inflammation,  and  consecutive,  commimicated  to  the  adjacent  nerve 
from  the  joint.  The  latter  (a  secondary  extension  of  inflammation 
to  the  nerve)  would  manifestly  not  explain  the  afEection  of  the 
whole  of  a  muscle  on  the  proximal  side  of  the  affected  joint — as, 
for  instance,  atrophy  of  the  whole  extensor  in  arthritis  of  the  knee — 
although  the  extension  does  occur,  and  must  be  recognised  as  an 
occasional  event.J  We  must  also  recognise  the  possibility  of  a  simul- 
taneous neuritis,  with  acute  changes  in  the  nerve-fibres,  manifested 
by  the  reaction  of  degeneration  in  the  muscles.  The  event  is,  how- 
ever, exceptional.  It  is  certainly  separable  and  to  be  separated  from 
the  oommon  arthritic  atrophy ;  but  it  is  not  easy  to  keep  apart  the 
two  varieties  of  neuritis — the  simultaneous  and  the  consecutive — 
when  a  case  is  seen  only  long  after  the  onset,  because  a  neuritis  that 
arises  by  extension  may  travel  along  the  nerve  and  present  an  ulti- 
mate distribution  quite  different  from  that  which  it  possessed  at  the 
onset. 

For  ordinary  arthritic  atrophies  we  must  seek  some  other  expbuuir* 
tion.  The  nature  of  their  cause  long  ago  suggested  to  Paget  a  "  reflex 
influence"  on  the  muscles  as  the  probable  mechanism,  and  Yulpiaa 
and  Charcot  have  suggested  a  similar  hypothesis,  assuming  a  derange- 
ment of  the  nutrition  and  influence  of  the  motor  cells  of  the  cord,  to 
be  determined  by  the  morbid  impulses  from  the  joint  nerves,  and  to 
determine  the  alterations  in  the  musdes.  The  theory  receives  impor- 
tant support  fi'om  the  fact  that  the  wasting  of  the  muscles  is  pre- 
vented by  previous  division  of  the  posterior  spinal  roots  (Eaymond)* 
which  amounts,  indeed,  to  an  indirect  demonstration  of  the  fact  that 
a  reflex  process  §  underlies  the  phenomena.  It  is  doubtful  whether 
ire  can  go  much  further  than  this.  By  preceding  hemisection  of  the 
cord  it  is  increased  on  the  side  of  the  operation ;  but  the  conditions 

•  Yaltat^  'De  I'Atrophie  Mote,  Ac,*  Paris,  1877.  See  also  Deroche,  'Ctade 
elin.  et  exp.,'  Pkris,  1890. 

t  See  Duplay  and  Casin, '  Areb.  g^V  January,  1891. 

{  Jli/.  to  the  ulnar,  in  rheumatoid  arthritis  of  the  hand  (Bnry,  '  Med«  Chita.,' 
1888,  p.  182).  See  on  thia  anlgect  A.  E.  Garrod,  «Med.-CSiir.  Trantn'  Izzi,  265; 
also  Pitrea  and  VailUrd, '  Ber.  de  Med./  1887,  No.  6. 

§  Raymond,  'Bar.  de  M^d./  1890,  374. 
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axe  here  more  complex,  and  the  demonstration  of  the  reflex  relatioii 
less  simple,  than  in  the  result  of  diyision  of  the  roots. 

The  increased  knee-jerk,  &Q.,  that  attend  the  wasting,  and  the 
curious  fact  that  arthritis  may  set  up  a  degeneration  of  the  spina] 
cord,  apparently  beginning  in  the  termination  of  the  pyramidal  fibres 
(see  p.  493),  should  be  kept  in  mind.  They  are  certaioly  significant, 
and  suggest  that  the  influence  from  the  joint  nerves  acts  on  the  "  con- 
trolling structure"  of  the  mnsde-reflex  centre  (see  p.  240)  ;  but  more 
facts  are  needed  before  a  valid  hypothesis  can  be  framed. 

DiAaNosis. — ^The  moderate  degree  of  the  wasting,  with  correspond- 
ing change  in  electrical  reactions,  coupled  with  the  wide  extent  of 
the  alteration,  embracing  the  whole  of  the  muscles  involved,  constitute 
a  distinctive  characteristic— distinctive,  at  least,  when  taken  in  con- 
nection with  the  preceding  joint  affection  which  is  the  cause  of  the 
atrophy.  A  primary  neuritis,  causing  secondary  arthritic  adhesions, 
.  has  its  own  features — ^their  wider  range,  so  far  as  function  la  concerned, 
and  especially  their  limitation  to  nerve  distribution.  Hardly  any  other 
malady  is  likely  to  be  confused  with  it,  except  some  graver  disease, 
while  still  in  an  early  stn^^'^ ;  but  such  an  affection  can  only  be  dis- 
tinguished by  waiting  \mtii  the  nature  of  the  malady  has  had  time  to 
show  itself. 

Pbognosis. — ^When  the  inflammation  of  the  joint  is  brief  in  dura- 
tion, recovery  of  the  muscles  may  be  anticipated  with  confidence. 
In  children,  even  after  prolonged  joint  disease,  the  muscles  usually 
regain  their  normal  bulk.  In  adults  the  wasting  often  lasts  for  a  long 
time  after  the  joint  is  well,  and  a  cautious  prognosis  should  be  given 
if  the  arthritis  has  lasted  bng.  Even  if  slight  wasting  is  persistent^ 
normal  power  is  usually  recovered ;  but,  as  the  case  mentioned  above 
shows,  the  symptoms  sometimes  continue  for  years.  The  prognosis 
should  be  espedaUy  cautious  where  there  is  a  marked  increase  in 
myotatio  irritability,  or  if  the  atrophy  shows  a  disposition  to  involve 
other  muscles  ci  the  limb  than  those  concerned  in  moviog  the  affected 
joint. 

Tbbathibkt. — ^The  chief  treatment  is  local, — electrical  stimulation 
of  the  muscles,  and  gentie  rubbing.  It  is  doubtful  whether  drugs 
have  any  influence  on  the  condition,  but  small  doses  of  strychnia  may 
be  given,  or  added  to  whatever  agent  is  given  for  the  joint  affection. 
As  long  as  the  joint  is  inflamed,  treatment  rarely  causes  any  increase 
in  the  bulk  of  the  mtisde.  It  is  of  great  importance  to  secure  the 
early  recovery  of  the  joint,  and  to  avoid  all  influences  that  cause  pain 
in  it,  since,  as  we  have  seen,  it  is  apparenUy  through  the  sensory 
nerves  that  the  joint  affection  exerts  its  injurious  influence.  When 
the  arthritis  has  ended,  the  muscles  usually  recover  slowly  without 
assistance,  but  it  is  probable  that  the  local  treatment  accelerates  the 
process.  The  form  of  electricity  is  of  little  consequence;  either 
faradism  or  voltaism  may  be  employed,  but  snould  only  be  used 
in  sufficient  strength  to  cause  gentle  oontraotion.    The  muscles  act 
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readily  to  faradism,  and  a  mild  f aradic  current  is,  as  a  rale,  the  best 
to  emploj.  All  painful  stimulation  of  the  sensoiy  nerres  should  be 
ayoided. 

MusoTJLAB  Atbopht  vbom  Otsb-t^v. 

Muscles  that  are  much  used  sometimes  waste.  Hie  effect  is 
seen  most  frequently  in  the  small  muscles  of  the  hand,  espeoiaUj 
in  persons  of  weaklj  constitution,  who  use  these  muscles  unduly. 
Thus  a  yoimg  lady  devoted  many  hours  a  day  to  "illuminating," 
during  several  years,  and  then  some  muscles  of  the  thenar  eminence 
began  to  waste,  and  became  considerably  atrophied.  Such  wasting 
is  scarcely  ever  met  with  in  the  larger  muscles,  but  has  been  observed 
in  the  biceps,  consecutive  to  hypertrophy,  in  Sheffield  smiths 
(Frank-Smith;.  The  electric  irritability  is  giudually  bwered  in  this 
local  wasting,  equally  to  both  currents,  as  it  is  in  progressive  muscular 
atrophy.  We  do  not  know  whether  this  wasting  from  over-use  in 
purely  local,  or  whether  the  related  ganglion-cells  of  the  spinal  oord 
fail  first,  and  the  muscular  wasting  is  secondary  to  their  atrophy. 
Gull  said  many  years  ago,  "  it  is  as  reasonable  to  infer  a  lesion  of  the 
grey  matter  from  overwork  as  of  the  muscles."  *  The  wasting  often 
persists  when  the  over-use  of  the  muscles  is  discontinued.  Hyper- 
trophy from  over-use  does  not  usually  give  place  to  atrophy.  These 
two  &tcts  are  somewhat  in  favour  of  the  view  that  the  lesion  is 
primarily  of  the  nerve-cells.  The  wasting  in  these  cases  shows  no 
tendency  to  extension  beyond  its  original  limits.  The  treatment 
is,  first,  the  cessation  from  the  excessive  exertion  of  the  muscles; 
secondly,  the  improvement  of  the  general  health,  and  the  adminis- 
tration  of  nerve  tonics,  especially  of  stiyohnine;  and  thirdly,  the 
gentle  electrical  stimulation  of  the  musoles  bj  eitber  ftymitism  cr 
Toltaism. 


THE  MUSCULAR  DTSTBOPHIBS. 

Idiopathic  atrophy,  which  is  primarily  muscular,  although  it  is  not 
one  of  the  diseases  of  the  nervous  system,  is  commonly  described  with 
them,  because  it  frequently  presents  so  close  a  resemblance  to  the 
spinal  atrophy  just  described  as  to  be  distinguished  with  some  diffi- 
culty. Moreover,  even  the  varieties  that  do  not  present  this  dose 
resemblance  were  for  a  time,  and  indeed  until  lately,  believed  to  be  of 
central  nature,  to  depend  on  the  spinal  cord,  and  to  be  rightly  included 
among  its  diseases.  Hence  the  custom  of  thus  describing  them  has 
become  established,  and  has  now  to  be  followed,  although  we  know 
that  it  is  based  on  a  mistaken  theory.    At  the  same  time»  not  qbJj 

•  « Gay'i  Hotp.  Beports/  186S;  p.  ML 
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has  tiie  metliod  the  adTantage  of  oonvenienoe,  but  it  lias  also  scmie 
measure  of  scientific  justificatioii.  The  musdefl  are  more  doeelj 
alb'ed  to  the  nerves  than  to  any  other  structures,  as  regards  both 
physiological  properties  and  pathological  susceptibility,  and  it  is 
doubtful  whether  any  other  association  would  better  befit  these 
diseases. 

The  idiopathic  myopathies  have  received  much  attention  during 
the  last  few  years,  and  many  new  facts  have  been  ascertained  with 
regpturd  to  the  different  varieties  and  their  relations  to  each  other.  The 
iieatise  by  Erb*  has  had  the  eiTect  of  giving  unity  and  cohesion  to 
what  was  formerly  a  collection  of  disconnected  types,  and  has  con- 
clusively demonstrated  the  essential  identity  of  the  different  varieties 
hitherto  described.  The  so-called  pseudo-hypertrophic  variety  of 
muscular  affection  has  been  recognised  under  this  name  ever  since  its 
graphic  description  by  Duchenncf  The  features  of  this  were  muscular 
weakness  associated  with  enlargement  of  muscles,  sometimes  a  few, 
sometimes  many.  He  also  described  in  the  same  work  %  another  form 
of  paralysis  which  he  supposed  to  be  similar  in  its  etiology  to  the 
progressive  muscular  atrophy  of  adults,  and  which  he  named  "  atrophie 
musculaire  progressive  de  I'enfance."  This  was  characterised  bj 
wasting  of  the  muscles  of  the  face  as  well  as  of  the  limbs,  and  also  by 
its  tendency  to  affect  more  than  one  member  of  a  family.  Lejden  in 
1875  §  proposed  to  separate  the  hereditary  forms  of  muscular  atrophy 
from  those  of  the  Aran-Duchenne  type.  He  pointed  out  that  the 
hereditary  form  tends  to  commence  in  early  life,  to  affect  several 
members  of  the  same  family,  especially  the  males,  and  he  diiected 
attention  to  the  resemblance  between  the  hereditary  form  and  the 
pseudo-hypertrophic  of  Duchenne.  In  1879 1|  Qowers  in  a  elinical 
lecture  gave  a  full  deBeriptioa«  from  numerous  clinical  observatioiifl»  of 
pseudo-hypertrophic  paralysis,  and  also  set  out  all  that  was  kaown  of 
its  pathological  anatomy,  and  in  this  lecture  clearly  recognised  that 
hypertrophy  and  atrophy  may  be  combined  in  different  proportions, 
and  that  tiiere  are  cases  that  connect  the  two  extremes — ^in  some 
enlargement  of  many  muscles,  in  others  wasting  in  alL  Sudh  a  view 
affords  a  glimpse  of  the  group  which  Erb  f  afterwards  clearly  outlined 
under  the  name  of  the  "juvenile  form  of  progressive  moscular 
atrophy." 

From  a  consideration  of  the  characters  and  histories  of  these  cases 
Erb  concluded  that  the  three  varieties — the  juvenile  form*  the  here* 
ditary  form  of  Leyden,  and  pseudo-hypertrophic  paralysis — ^were  all 
varieties  of  one  condition,  for  which  he  proposed  the  designation 

*  <  Dvftrophia  muonlaHt  progreMlva,'  Leiprig,  180L 

t  *  Eketrixatioii  localbl^'  8fd  edit,  p.  6M. 

t  Ibid«  p.  Sia. 

i  *  Klintk  d«r  Bftok.  Kimak.,'  U,  p^  686. 

(I  <  Lancet,'  1879. 

f  *  Deatiieh.  Areli.  1  Ud.  Mad^  Bd.  zndv,  •.  4ffi, 
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"dystrophia  muscularia  progreaaiya."  The  next  important  step  in  the 
deyelopment  of  our  knowledge  took  place  in  IdS'S*  when  Landouzy 
and  Dejerine  published*  an  exhaustive  paper  on  what  thej  named 
"  Mjopathie  Atrophique."  It  dealt  with  observations  of  an  exoeed- 
inglj  interestLOg  group,  the  essential  characteristics  of  which  were 
wide-spread  muscular  atrophy  commencing  in  the  face,  and  without 
hypertrophy.  These  cases  were  really  identical  with  tho^e  described 
by  Duchenne  as  "atrophie  musculaire  progressive  de  Tenfance/'  but 
the  later  observers  completed  the  description  by  the  discovery  from 
post-mortem  examination  that  it  did  not  depend  upon,  nor  was  it 
associated  with,  changes  in  the  spinal  cord,  but  that  it  was  a  muscular 
afiection  without  detectable  nervous  lesions.  They  regarded  their  cases 
as  constituting  a  distinct  and  separate  variety  of  myopathy,  relying 
upon  the  commencement  in  the  face  and  the  absence  of  hypertrophy, 
and  they  refused  to  recognise  the  essential  identity  of  their  cases  with 
those  of  Erb,  in  spite  of  the  fact  that  in  one  of  their  quoted  cases  the 
face  was  not  affected,  and  considerable  enlargement  of  the  calves,  if  it 
was  not  present  at  the  time,  had  been  a  few  years  before. 

The  latest  and  most  important  contribution  to  the  elucidation  of 
this  disease  is  the  work  of  Erb  already  alluded  to.t     In  this  he 
subjects  to  dose  examination  numerous  clinical  records  of  cases  of 
the  different  varieties  already  referred  to,  and  makes  it  dear  by  the 
observation  of  cases  of  different  types  among  members  of  the  same 
family,  by  the  description  of  cases  which  form  distinct  connecting  links 
between  the  different  varieties,  and  by  the  observation  of  the  histo- 
logical conditions  in  the  affected  muscles,  that  all  four  varieties — 
pseudo-hypertrophic  paralysis,  the  juvenile  form  of  Erb,  the  Lan- 
douzy-Dejerine  type, — identical  with  the  atrophic  musculaire  pro- 
gressive de  Tenfance  of  Duchenne — are  but  branches  of  a  parent  stem, 
and  essentially  the  same  disease.    He  proposes  a  division  into  two 
main  groups,  viz.    (1)  children,  (2)  adults;  and  in  the  former  he 
would  distinguish  two  varieties,  the  hypertrophic  and  the  atrophic. 
In  the  hypertrophic  he  would  further  distinguish  those  with  pseudo- 
hypertrophy and  those  with  true  hypertrophy,  and  in  the  atrophic 
variety  those  with,  and  those  without  involvement  of  the  face.   Such  a 
division  is  of  course  an  arbitrary  one,  for  even  between  the  two  chief 
varieties  no  hard  and  fast  line  can  be  drawn ;  and  the  same  is  true  in  a 
greater  degree  of  the  minor  divisions.      It  has,  therefore,  seemed  best 
to  describe  the  disease  on  the  same  lines  as  have  been  followed  in 
previous  editions  of  this  book,  with  a  due  recognition  of  the  fact  that 
any  particular  case  met  with  may  partake  of  the  characters  of  simple 
atrophy  and  also  of  pseudo-hypertrophic  atrophy,  and  indeed  may  at 
one  time  be  regarded  as  belonging  to  one  group,  and  at  another  to  the 
other. 
Ail  the  diseases  of  this  class  seem  to  depend  on  a  defective  tendency  in 

•  •  Rev.  de  MMecine/  1865. 

f  '  DyBtrophia  muaouUrii  progrewiTa/  Leipiig,  1891. 
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the  deyelopment  of  tlie  germinal  tisane  which  f onns  mnscIeB ;  thcj  ai« 
essentiallj  congenital  diseases.  Although  they  are^  in  most  cases. 
merely  potential  maladies  at  the  time  of  birth,  and  sometimea  for 
years  afterwards-— «yen  occasionally  during  a  considerable  part  of 
life, — the  morbid  tendency  does  sometimes  attain  actual  deyelopment 
in  the  earlier  years.  But  we  know  nothing,  or  almost  nothing,  at 
present,  of  any  other  cause  than  this  deyelopmental  tendency;  wo 
know  nothing  of  these  diseases  as  acquired  maladies,  the  reaolt  of 
influences  acting  on  a  healthy  and  normal  organism. 

Another  fact  of  their  general  pathology  is  analogous  to  that  which 
we  haye  already  considered  in  connection  with  deyelopmental  dyiieaiiea 
of  the  central  neryous  system.  It  depends  on  the  double  constitatkni 
of  muscular  as  of  neryous  organs,  on  the  presence  of  interstitial  con* 
nectiye  tissue  between  the  contractile  elements,  and  on  the  relation  of 
both  to  trophic  tendencies.  An  oyergrowth  of  the  interstitial  tisane 
may  concur  with  wasting  of  the  fibres,  and  this  oyergrowth  may  be 
abnormal  in  its  features.  Hence  Erb  has  chosen  the  term,  already 
referred  to,  "  muscular  dystrophy,"  as  a  more  precise  designation  f<Hr 
the  class — a  term  which  is  likely  to  obtain  general  acceptance.  The 
important  fact  to  recognise  is  that  there  may  be  either  a  simple  defect 
in  the  growth  of  the  fibres,  ultimately  leading  to  their  disappearance, 
or  there  may  be,  with  this,  an  oyergrowth  of  the  connectiye  tissue^ 
either  a  simple  hyperplasia,  or  a  perverted  growthin  which  fat-cells  fonn. 
These  cells  increase  its  bulk,  but  are  ultimately  remoyed.  The  mnacolar 
fibres  also  sometimes  present  hypertrophic  enlargement,  but  simple 
wasting  is  the  most  common  change. 

The  symptoms  by  which  these  changes  are  manifested  yary  aocoxd- 
ing  to  the  nature  and  seat  of  the  alteration.  In  all  cases  muBCular 
power  fails  as  the  contractile  fibres  waste.  The  chief  difference  in 
aspect,  howeyer,  depends  on  the  seat  of  the  affection  and  the  effect  of 
the  interstitial  changes,  and  especially  on  the  frequent  enlargement  of 
muscles  from  the  formation  of  fat  in  the  fibrous  tissue.  This  produoea 
the  semblance  of  hypertrophy  that  has  led  to  the  name  "paendo* 
hypertrophic  paralysis"  being  applied  to  the  cases  in  whidi  it  ia 
present.  The  amount  of  enlargement  yaries  much ;  the  fibrous  tissue 
alone  may  cause  none,  but  it  is  sometimes  great  and  wide-spread  in 
the  cases  in  which  fat  is  formed.  In  all,  howeyer,  a  primaiy  Mhrintiwg 
of  the  muscles,  often  preceded  by  a  true  enlargement  of  the  fibres,  is 
due  to  the  wasting  of  their  proper  substance,  the  result  mainly  of  a 
defectiye  tendency  of  yital  endurance  or  growth,  and  only  in  a  slight 
degree  to  the  influence  of  the  interstitial  tissue  when  this  is  increased 
in  quantity. 

Thus  certain  yarieties  are  constituted  by  the  external  manifestation 
of  the  muscular  changes.  Eyen  in  the  class  in  which  pseudo-hyper- 
trophy occurs  there  may  be  no  change,  or  only  diminution  in  the  size 
of  the  muBcles,  but  with  increased  fimmess,  as  the  accompaniment 
of  the  lessened  power.     When  there  is  enlargement,  thia  may  or  may 
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not  ooirespond  in  time  to  the  loss  of  power,  since  the  muscular  fibres 
maj  waste  cither  during  interstitial  growth,  or  after  this  tissue  has 
nndergone  the  atrophy  which  ultimately  supervenes.  Thus  we  may 
have  two  classes  of  cases  belonging  to  this  type,  one  with  enlargement 
of  muscles,  few  or  many,  the  other  with  only  wasting  of  muscles,  the 
two  corresponding  in  position  and  in  the  general  course  and  relations 
of  the  affection. 

In  another  form  there  is  nerer  an  interstitial  growth  of  fat,  and 
probably  no  considerable  increase  of  fibrous  tissue ;  simple  atrophy 
of  the  fibres  is  its  pathological  characteristic,  while  primary  shrinking 
of  the  muscles  is  its  external  manifestation.  The  shoulder  muscles  are 
prone  to  suffer  most,  and  in  some  cases  there  is  a  peculiar  affection  of 
the  face.  These  cases  are  also  more  variable  in  the  time  of  life  at 
which  the  symptoms  begin.  But  these  varieties,  as  we  have  already 
state!,  are  connected  by  cases  which  to  some  extent  combine  the 
vai'ious  features.  Such  combined  forms  forbid  the  separation  of  the 
types,  which,  nevertheless,  frequently  ma.intain  so  distinct  a  cotirse 
in  many  members  of  a  family,  even  through  several  generations, 
that  we  are  compelled  to  recognise  their  distinctness,  although  we 
cannot  divide  them  altogether. 

The  essential  element  in  the  disease  has  been  spoken  of  as  a  "  quali- 
tative" defect,  which  entails  an  imperfect  development,  manifested 
sooner  or  later  by  the  defective  vitality  of  the  proper  elements  of  the 
tissue.  Bat  there  is  reason  to  beliere  that  the  defect  is  not  always 
merely  qualitative.  In  some  cases  the  defect  in  certain  muscles  is  so 
absolute  at  so  early  a  period  as  to  make  it  almost  certain  that  these 
muscles  or  parts  of  muscles  are  congenitally  absent,  and  that  the 
germinal  effect  is  thus  quantitative  as  well  as  qualitative.  The 
muscles  in  which  this  apparent  failure  is  observed  vary  in  the  several 
forms,  and  will  be  mentioned  in  the  account  of  these. 

The  peculiar  form  of  atrophy,  which  differs  from  the  others  in  the 
early  affection  of  the  musdes  supplied  by  the  peroneal  nerve,  is 
separately  described,  and  its  features  are  not  included  in  these 
remarks* 
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MusouLAB  Atrophy,  <&c.). 

The  affection  thus  designated  usually  manifests  itself  during  the 
later  developmental  period  of  childhood,  and  clearly  depends  on  a 
morbid  developmental  tendency,  which  is  often  present  in  several 
members  of  the  same  family.  It  is  characterised  by  a  progressive 
change  in  the  size  and  diminution  in  the  power  of  many  muscles.  The 
apparent  cause  of  the  change  has  been  already  mentioned. 

Isolated  cases,  which  can  now  be  recognised  as  examples  of  this 
disease,  were  recorded  in  England  in  1830  (Sir  Charles  Bell)  and^in 
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1847  (Partridge),  and  in  Italy  in  1838.  A  series  of  cases  was 
described  by  Meryon  in  1852,  and  Oppenheim  in  1855,  but  enlarge- 
ment of  the  muscles  was  not  conspicuous  in  these.*  Several  remarkable 
examples  had  already  come  under  the  notice  of  I>uchenne,  who  was 
busy  exploring  the  field  of  muscular  paralysis  with  the  aid  of 
"  localised  electrisation."  He  recognised  its  novel  features,  and  pub- 
lished an  account  of  it  in  1861,  \mder  the  name  by  which  it  has  since 
been  generally  known. 

Etiology.— Our  knowledge  of  the  causes  of  the  disease  is  limited 
to  a  few  general  facts.  Males  furnish  the  majority  of  the  cases ;  they 
suffer  at  least  four,  and  perhaps  seven  times  as  frequently  as  females. 
In  the  latter,  moreover,  the  malady  is  slighter  in  d^ree,  later  in 
development,  and  less  frequently  causes  death. 

The  disease  occurs  rather  less  commonly  in  isolated  cases  than  in 
family  groups.  The  number  in  a  family  has  varied  from  two  to  eight. 
As  many  as  eight  brothers  suffered  and  died  in  the  family  described 
by  Meryon,  while  all  the  daughters  escaped.  In  a  family  known  to 
the  writer,  four  sons  have  suffered  and  none  of  the  daughters ;  in 
another  instance  two  daughters  are  affected  and  no  sons.  Thus  there 
may  be  a  tendency  in  a  family  to  the  affection  of  one  sex,  and  not  the 
other ;  but,  on  the  other  hand,  children  of  both  sexes  may  suffer  in  the 
same  family.  In  many  instances  in  which  several  members  of  one 
generation  are  affected,  no  antecedent  cases  can  be  traced  in  the  family ; 
the  malady,  while  congenital,  is  not  hereditary.  In  other  families 
antecedent  cases  can  be  traced,  and  these  are  invariably  on  the  mothei^s 
side.  The  disease  is  thus  transmitted  by  women  who  are  not  them- 
selves its  subjects.  In. a  case  in  which  four  brothers  suffered,  the 
mother's  brother  and  sister  were  likewise  affected.  Again,  a  brother 
and  sister  were  diseased,  one  daughter  of  a  second  sister,  and  three 
daughters  of  a  third  sister.  In  another  instance  a  boy  suffered*  and 
his  sister,  unaffected,  had  two  sons  diseased  and  a  daughter  free,  of 
whose  children  two  sons  were  the  subjects  of  the  malady.  Thus  the 
congenital  tendency  is  exclusively  due  to  the  maternal  element  in  the 
embryo.  This  is  also  shown  by  a  fact  many  times  observed,  that  the 
children  of  the  same  woman,  by  different  husbands,  suffer  in  the  same 
way. 

Indirect  hereditary  tendencies,  such  as  are  indicated  by  the  occur- 
rence of  diseases  of  the  nervous  system,  can  be  traced  so  rarely  that 
it  is  doubtful  if  they  have  any  influence.      Neither  the  age  of 

•  KeTertbeless  Mer^ou'it  cames  (*  Med.-Gbir.  Trani./  1862)  certainly  belonged  to 
this  variety.  Conclusive  proof  of  the  fact  is  afforded  by  caaei  in  collatenb  which 
liave  come  under  the  writer's  observation  in  near  and  distant  branches  of  iha  same 
family.  Other  evidence  of  the  fact  is  described  in  a  'Clinical  Lecture  on  Pseodo* 
hypertrophic  Paralysis '  (London,  Churchill,  1870).  The  chief  Uteratora  ia  ivferred 
to  in  that  lecture  |  the  numerous  papers  that  have  appeared  tinoe  have  addad 
chiefly  to  our  knowledge  of  the  character!  of  the  allied  forms  of  idiopathic  atrophy, 
&c,  and  the  relations  of  these  to  the  pseudo-hypertrophic  yaiiety,  and  are  referred 
to  on  a  later  page. 
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pax^ents,  nor  their  intempenuioe,  appears  influential,  and  their  ten- 
sanguiDitj  becomes  effectire  only  when  raised  in  energy  bj  repetition. 
Thus,  in  a  f amilj  known  to  me,  the  inteimarriages  during  five  genera- 
tions were  yeiy  numerous,  and  of  eight  children  in  the  present  family 
five  are  albinos,  and  two  of  these  are  the  subjects  of  pseudo-hjper- 
trophic  paralysis.  In  another  family  of  eight,  whose  parents  were 
double  first  cousins,  six  children  suffered  from  muscular  dystrophy, 
different  forms  being  represented  in  different  members  of  the  family. 

The  disease  always  manifests  itself  during  the  period  of  development, 
sometimes  in  the  early  stage  of  growth,  at  the  close  of  infancy,  often 
only  during  mid-childhood,  rarely  not  until  growth  is  nearly  ended. 
In  a  third  of  the  cases  the  first  symptoms  are  noted  when  the  child 
first  attempts  to  waJk,  which  is  usuidiy  a  little  later  than  in  healthy 
children ;  very  rarely  indeed  the  child  has  never  walked.  In  about 
another  third  the  child  seems  well  until  it  is  four,  five,  or  six  years 
old,  and  then  impairment  of  power  attracts  attention.  In  three 
quarters  of  the  cases  the  disease  manifests  itself  before  the  tenth 
year.  Barely  the  patient  is  conscious  of  no  symptoms  imtil  after 
puberty,  at  the  age  of  eighteen  or  twenty ;  but  in  such  apparently  late 
onset  there  has  been  enlargement  of  muscles  long  before  power 
became  impaired,  and  the  disease  began  much  earlier  than  it  seemed 
to  do.  One  patient,  for  instance,  in  whom  weakness  was  only  noticed 
when  she  was  twenty,  had  been  often  "  chaffed,"  when  a  young  gurl  at 
school,  on  account  of  her  "  tea-kettle  calves."  Neither  social  state 
nor  general  constitutional  condition  seems  to  influence  the  occurrence 
of  the  disease,  but  its  manifestation  has  sometimes  been  apparently 
accelerated  by  iufluences  that  disturb  the  general  health ;  it  has  been 
first  noticed,  for  instance,  during  convalescence  from  some  general 
illness. 

SYMPTOM& — Impairment  of  power  usually  attracts  attention  before 
any  change  is  observed  in  the  size  of  the  muscles,  or  if  these  are 
noticed  to  be  large,  it  is  with  feelings  of  parental  pride  rather  than 
with  suspicion,  in  spite  of  the  fact  that  the  children  often  walk 
clumsily,  fall  with  ease,  and  rise  with  difficulty.  The  act  of  going 
upstairs  is  especially  difficult  to  them ;  the  child  has  to  take  hold  of 
the  banisters  and  pull  himself  up. 

The  muscles  may  at  first  present  nothing  unusual,  especially  in  slight 
cases,  or  if  the  child  is  fat,  as  is  frequently  the  case.  But  at  the 
age  of  five  or  six  years  an  unnatural  enlargement  of  certain  muscles 
ii  usually  conspicuous,  especially  when  there  is  a  contrast  between 
these  and  other  muscles  which  are  small.  If  enlargement  is  almost 
universal,  it  is  Ubually  great  and  conspicuous.  The  enlarged  muscles 
UBually  for  a  time  become  stiQ  larger  in  comparison  with  the  others, 
but  afterwards  they  cease  to  incroase  and  ultimately  become  smaller, 
first  relatively  and  then  absolutely.  This  change  occurs  earlier  in 
some  muscles  than  in  others,  and  it  may  result  in  a  condition  of 
distinct  atrophy. 
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Among  mnscles  tliat  are  m6st  frequently  large,  those  of  the  calf 
take  the  first  place.  Thej  sometimes  attain  a  remarkable  size.  I  hare 
measured  a  calf  14. i  inches  in  circumference  in  a  boy  of  twelTe.  The 
muscles  in  front  of  the  lower  leg  are  less  frequently  enlarged,  but 
sometimes  project  beyond  the  edge  of  the  tibia.  The  extensors  of  the 


Fig.  155. 


Fio.  1 5«. 


Fig.  167. 


Fios.  155  and  156. — ^Two  brotherly  aged  four  and  MTen,  suffering 
psendo-hypertrophic  paral/sis. 

FiQ.  157. — Partial  enlargement  of  rectu%  the  vast!  being  smalL 

knee  are  often  big ;  occasionally  the  rectus  or  vastus  intemus  is  alone 
increased  in  size  (the  rectus  in  Fig.  157),  and  the  other  parta  may  be 
normal  or  small ;  less  frequently  all  parts  are  small.  The  flexors  of  the 
knee  commonly  escape.  The  glutei  are  frequently  conspicuously  large ; 
the  flexors  of  the  hip  are,  of  course,  inaccessible  to  observation,  but 
they  are  usually  feeble,  and  no  doubt  diseased;  there  is  generaUy 
enlargement  of  the  lumbar  muscles,  and  disease  of  a  peculiar  and 
important  character  in  those  of  the  shoulder. 

Of  all  the  muscles  of  the  body,  next  to  those  of  the  calf,  no  one  is 
enlarged  more  frequently  or  in  greater  relative  degree  than  the  infra- 
spinatus. It  often  stands  out  so  conspicuously  that  its  edge  is  apt 
to  be  mistaken  for  that  of  the  scapula  (Figs.  158  and  159).  The 
supraspinatus  is  sometimes  also  prominent,  but  its  condition  is  usually 
concealed  by  the  trapezius,  which  is  little  involved.  The  deltoid  is 
also  frequently  large;  the  serratus  rarely.  The  pectoralis  is  never 
enlarged,  but,  on  the  other  hand,  its  lower  half  is  wasted  or  absent 


P8KUD0-HYPERTR0PHI0   MUSCULAR   PARALYSIS. 


571 


in  a  large  proportion  of  the  cases,  and  with  this  the  latissimns  dorsi, 
which  has  the  same  action  in  depressing  the  raised  arm  (see  p.  87). 
The  teres  major  maj  share  the  wasting  of  the  latissimus. 

The  other  muscles  of  the  arm  suffer  in  diminishing  degree  and  fre- 
quency from  above  downwards.  The  triceps  and  biceps  are  sometimes 
enlarged,  the  former  more  frequently  than  the  latter,  but  occasionallj 
only  in  one  part.     Both  these  muscles  are  sometimes  wasted.     The 

forearm  muscles  suffer  in 
only  a  small  minority  of 
the  cases,  and  the  intrinsic 
muscles  of  the  hand  usually 
escape  altogether. 

This  usual  escape  of  the 
intrinsic  muscles  of  the  hand 
affords  a  very  marked  contrast 
to  spinal  muscular  atrophy, 
in  which  they  suffer  early; 


Fio.  16H.  Pseudo-hypertrophic  paralysU 
Absence  of  latiuimus  doni,  enlargement 
of  infia8pii:atuB.     (From  a  photogrupb.) 


Fig.  159. — Wastinf^of  laUmiinQt 
dont  and  serratus;  enlarge* 
ment  of  infraspinatus,  supra- 
gpinatuf,  and  deltoid  j  atrophy 
of  bicepi  and  triceps.  (By  Dr. 
H.  R.  Spencer,  irom  a  photo- 
graph.) 


but  no  rule  is  free  from  exception,  and  although  the  escape  of  the 
hands  in  the  idiopathic  affections  is  almost  constant,  it  is  not  quite 
invariable ;  slight  (or  commencing)  implication  of  the  intrinsic  muscles 
has  been  met  with  in  very  rare  instances  that  were  otherwise  typical,* 

•  -ff.^.  Sachs,  'New  York  Neurol.  Soc.,'  OcU  2nd,  1888;   Hauraler,  »  SudwesU 
Neurol.   Ver«a>nml./    Freiburg,   1888.     I  have  once  met   with   wasting  of    the 
extensors  of  both  phalanges  of  one  thumb,  and  enlargement  of  the  abd.  indicis  has 
been  observed  (Taylor.  Clin.  Soc,  April  24th,  1891),  and  fatty  growth  in  the  thenar  ' 
moaclet  (Berger,  '  Arch.  f.  Psych.,*  Bd.  xiv). 
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ftnd  qaito  distmct  froai  tiio  ^'percMieal  type"  to  be  preeeailj 
tioned. 

The  muscles  of  the  neck  are  very  seldom  affected,  but  I  haye  noted, 
in  a  few  cases,  wastmg  of  the  clayicular  part  of  the  stemo-mastoid. 

Those  of  the  face  do  not  suffer  except  in  extremelj  rare  caeee 
intermediate  between  this  and  the  third  type  (tee  also  Wes^>hal, 
'  Charite  Annalen/  1887,  xii,  p.  477),  but  in  the  patient  shown  in 
Fig.  162  there  was  considerable  enlargement  of  the  masset^n.  Hie 
tongue  has  been  increased  in  size  in  a  few  instancee.  The  other 
muscles  supplied  bj  the  cranial  nerves  always  escape. 

The  diseased  muscles  are  weak,  but  the  impairment  of  power  is  to 
some  extent  irrespective  of  the  change  in  size.  The  muscles  that  are 
abnormally  small  are  generally  weaker  than  those  that  are  abnormally 
large ;  and  in  the  latter  the  weak- 
Bess  increases  with  the  wasting.  In 
the  legs  the  greatest  weakness  is  in 
muscles  that  are  inaccessible  to  ex- 
amination— the  flexors  of  the  hips ; 
next  in  order  of  weakness  come  the 


Vl«.  160.— Modeof  obtaining  extension  of  bipa 
in  psendo-h/per trophic  paralysis.  F,  fiil- 
emm  of  the  lever  formed  by  the  femur.  P, 
mean  position  at  which  the  power  is  applied 
by  contraction  of  the  qaadriceps  femoria. 
W,  poaition  of  weight  in  the  ordinary  mode 
of  rising,  w,  the  place  to  which  part  of 
the  weight  it  transferred  by  putting  hands 
on  knees. 


Fio.  161.— Mode  of  rising  from  tbt 
ground  in  psendo-hypertrophio 
paralysis. 


extensors  of  the  knee  and  the  extensors  of  the  hip.  The  musdei 
below  the  knee  usually  retain  considerable  power  for  a  long  time,  and 
the  extensors  of  the  ajikle  fail  before  the  flexors.  In  the  upper  limbs 
the  depressors  of  the  arm  are  usually  alone  weakened  during  the  early 
period  of  the  disease,  but  subsequently  the  shoulder  rnusdes  suiEsr, 


PSBCTDO-HTPIfiBTROPHIC  MUSODLAB  PABALTB18.  578 

ihen  the  triceps  and  the  biceps,  while  the  muscles  that  move  the  hand 
commonly  retain  good  power  to  the  hkst. 

The  distribution  of  weakness  in  the  legs  causes  certain  peculiai 
defects  of  movement  which  are  very  characteristic,  and  some  are  eren 
all  but  pathognomonic  of  the  disease.  The  difficulty  in  going  upstairs 
is  especially  due  to  the  weakness  of  the  extensors  of  the  knee  and  hip. 
The  defect  of  the  extensors  of  the  hip  causes  the  gait  to  have  a 
peculiar  oscillating  character,  in  which  the  body  is  so  inclined  as  to 
bring  the  centre  of  gravity  over  each  foot,  on  which  the  patient  suc- 
cessively throws  his  weight,  because  the  weak  gluteus  medius  cannot 
counteract  the  inclination  towards  the  leg  that  is  off  the  ground  unless 
the  balance  is  exact.  The  greatest  defect,  however,  is  in  the  power  of 
rising  from  the  floor,  and  the  most  characteristic  peculiarity  is  the 
mode  in  which  this  is  achieved,  if  it  be  still  possible,  and  no  objects 
are  near  by  which  the  patient  can  aid  himself.  He  commonly  has 
not  sufficient  power  to  extend  the  knees  when  the  weight  of  the  trunk 
is  on  the  upper  extremity  of  the  femur,  which  is  then  a  lever  in  which 
the  power,  applied  between  the  fulcrum  and  the  weight,  acts  at  least 
advantage.  He  therefore  places  his  hands  on  his  knees,  as  in  Fig.  160 ; 
and  his  arms  thus  bring  much  of  the  weight  of  the  upper  part  of  the 
trunk  on  the  femur  close  to  the  fulcrum,  between  this  and  the  power, 
which  can  then  act  at  greater  advantage.  Moreover  the  mere  weight 
of  the  head  which  is  in  front  of  the  arms  tends  to  aid  the  extension. 
This,  indeed,  may  effect  the  extension  of  the  knee  without  the  aid  of 
the  extensor  muscles,  as  any  one  may  ascertain  by  observing  the 
mobility  of  the  patella  in  this  attitude.  When  the  knees  are  extended 
the  power  of  the  extensors  of  the  hip  may  be  sufficient  to  raise  the 
body  into  the  upright  position,  or  the  patient  may  aid  them  by  an 
upward  push  with  the  hand  as  he  takes  it  off.  If,  however,  these 
extensors  are  weak,  the  hands  are  often  moved  higher  and  higher  up 
the  thighs,  grasping  alternately,  and  thus  pushing  up  the  trunk.  To 
get  thus  the  requisite  support,  the  knees  must  not  be  quite  extended  ; 
and  if  their  extensors  have  no  power  the  device  cannot  be  employed, 
and  the  patient  is  altogether  unable  to  rise.  In  many  cases,  especially 
when  extension  of  the  hip  is  easy,  the  patient  achieves  the  extension 
of  the  knees  in  another  way;  he  puts  the  hands  on  the  ground, 
stretches  out  the  legs  behind  him  far  apart,  and  then,  the  chief  weight 
of  the  trunk  resting  on  the  hands,  by  keeping  the  toes  on  the  ground 
and  pushing  the  body  backwards,  he  manages  to  get  the  knees 
extended,  until  the  trunk  is  supported  by  the  hands  and  feet,  all 
placed  as  widely  apart  as  possible  (Fig.  161,  2).  Next  the  hands  are 
moved  alternately  along  the  ground  backwards,  so  as  to  bring  a  larger 
portion  of  the  weight  of  the  trunk  over  the  legs.  Then  one  hand  is 
placed  upon  the  knee  (Fig.  161,  8),  and  a  push  with  this,  and  with 
the  other  hand  on  the  ground,  is  sufficient  to  enable  the  extensors  of 
the  hip  to  bring  the  trunk  into  the  upright  position. 

The  shortening  and  contraction  <^  certain  muscles  lead  to  another 
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group  of  symptoms— distortiozig  due  to  permanent  alteration  in  the 
position  of  joints.  Some  of  these  are  produced,  as  are  distortions  in 
other  forms  of  muscular  weakness,  by  shortening  of  the  less  afEected 
opponents  of  the  weaker  muscles.  Tlius  the  knee-joints  become  fixed 
by  the  contraction  of  the  flexors,  and  the  elbow  bj  the  contraction  of 
the  biceps  when  the  triceps  has  lost  all  power.  These  contractions 
only  occur  late,  and  are  usually  facilitated  by  the  habitual  flexion  of 
the  knee-  and  elbow- joints.  But' the  deformity  at  the  ankle-joint,  which 
results  from  contraction  of  the  calf  muscles,  commences  earlier,  before 
their  opponents  are  weak,  and  is  the  result  of  shortening  of  the  muscles. 
As  a  consequence  of  it,  the  patient  cannot  get  the  heels  well  u^ion  the 
ground,  and  the  foot  cannot  be  flexi  \  passively  beyond  a  right  angle. 
The  gradual  increase  of  the  contraction  ^"esults  in  considerable  "  talipes 
equinus ; "  and  as  power  lessens,  the  patient  is  able  to  walk  less,  and 
the  consequent  loss  of  the  extension  inyolved  in  the  act  permits  a 

rapid  increase  in  the  contrao- 
~  tion.     Tbe  feet,  as    Fig.    162 

shows,  soon  assume  a  pos- 
ture of  extreme  extension,  the 
dorsum  being  in  a  line  with 
the  front  of  the  leg,  or  forming 
with  it  a  convex  curve.  A 
subluxation  of  the  ankle-joint 
takes  place,  and  the  articular 
surface  of  the  astragalus,  its 
anterior  extremiiy,  and  that 
of  the  OS  calcis,  form  three 
prominences  under  the  skin. 
When  this  reversal  of  the 
anlde  occurs,  the  tibialis  anti- 
cus  can  no  longer  act  as  a 
flexor. 

Another  deformity,  which  is 
due  chiefly  to  muscular  weak- 
ness, is  curvature  of  the  spine. 
Fio.  162.  —Late  tuge  of  psendo-byperlro-  An  antero-posterior  curve,  with 
phic  paraljrsUi  a  boj  fourteen  year,  old,  ^^  concavity  backwards,  is  an 
with  muscular  contraction  and  wasting^         .  v'  «   xi.      j* 

and  lateral  cuTYature  of  the  apinc  ^^^J   symptom   Of  the   disease, 

and  it  may  become  extreme, 
the  upper  part  of  the  trunk  being  carried  so  far  back  that  a  vertical 
line  from  the  scapula  falls  an  inch  or  more  behind  the  sacrum.  It 
is  due  not  to  the  weakness  of  the  trunk  muscles,  but  to  that  of  the 
extensors  of  the  hip,  in  consequence  of  which  the  X)elvis  is  inclined 
forwards,  carrying  with  it  the  lower  lumbar  vertebrss ;  hence  the  upper 
part  of  the  trunk  has  to  be  held  far  back  to  keep  the  centre  of  gravity 
of  the  body  over  the  feet.  The  proof  of  this  mechanism  is  that  when 
the  patient  sits,  and  the  pelvis  is  supported  on  the  ischial  tuberosities. 
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the  lordoaiB  disappears.  It  is,  indeed,  replaced  bj  an  opposite  curye. 
in  wliich  the  back  becomes  convex,  dearly  due  to  the  weakness  of  its 
extensor  muscles.  This  curve  maj  become  very  great,  as  in  the  case 
shown  in  Fig.  168.  The  weakness  of  the  spinal  muscles  also  permits 
the  occurrence  of  lateral  curvature  (Fig.  162),  influenced,  in  its  direc- 
tion, by  the  habitual  posture  and  the  preponderance  o£  weakness  on 
one  side  or  the  other. 


VlQ,  163.— Lad  aged  fifteen  i  late  stage  i  watting  of 
tbigbt  I  inability  to  ait  uprigbt  in  conseqaenoe  of 
the  weakneaa  of  the  apinai  mnaclea. 

The  electric  irritability  of  the  muscles  is  only  altered  when  distinct 
weakness  or  wasting  has  set  in,  when  it  is  lowered  alike  to  f aradism 
and  voltaism.    There  is  never  any  trace  of  degenerative  reaction. 

The  knee-jerk  may  be  at  first  normal,  but  as  the  extensors  of  the 
knee  become  feeble,  it  is  always  lessened  and  gradually  disappears.  It 
is  never  excessive,  and  in  aU  advanced  cases  it  is  lost.  Sensation  is 
unaffected,  and  so  also  are  the  sphincters  in  the  vast  majority  of  cases 
Very  rarely  there  has  been,  towards  the  end,  a  slight  dificiilty  in  the 
retension  or  expulsion  of  urine,  to  be  regarded,  perhaps,  rather  as  a 
complication  than  as  an  effect  of  the  disease.  Ail  other  functions  of 
the  nervous  system  are  commonly  normal,  including  those  of  the  sym- 
pathetic. The  mental  development  of  the  subjects  of  this  disease  is 
generally  beyond  that  of  other  children  of  the  same  age,  doubtless  on 
account  of  the  indirect  influence  of  a  malady  which  withdraws  them 
from  active  amusements ;  mental  defect  is  a  pure  complication. 

The  rate  of  progress  of  the  disease  and  its  duiution  vary  much. 
After  some  years,  often  between  ten  and  fourteen,  the  power  of  standing 
becomes  lost  in  consequence  of  the  increasing  weakness  and  the  con- 
traction of  the  calf  muscles.  When  the  patient  ceases  to  walk  the 
muscular  disease  makes  more  rapid  progress,  deformities  become 
greater,  and  the  patient  may  become  almost  helpless,  except  in  the 
hands*  and  yet  live  on  for  several  years.     Death  is  sometimes  due  to 
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■ome  intercurrent  maladj,  as  an  acute  speeifio  diteaae;  but  generBlIf 
the  lessened  respiratory  power  cauNS  some  chest  affeotion  to  develop^ 
or  one  that  should  be  trifling,  to  become  grave.  life  is  thus  ended  by 
acute  pneumonia  or  bronchitis,  or  by  chronic  lung  disease — a  form  of 
pneumonic  phthisis  or  broncho-pneumonia^  which  develops  graduallj» 
with  little  febrile  disturbance.  There  is  never  sufficient  paralysis  of 
the  respiratory  muscles  to  cause  death  directly.  The  duration  of  the 
stage  of  helplessness  depends  veiy  much  on  the  care  which  the  patient 
can  obtain. 

In  the  cases  in  which  muscular  power  remains  good  until  after 
puberty,  the  progress  of  the  disease  is  generally  slow.  The  patient 
maj  reach  the  age  of  thirty  before  power  is  much  impaired.  It  is  possi- 
ble  that,  in  some  cases,  the  disease  never  attains  a  considerable  degree. 
More  frequently,  however,  after  slight  symptoms  have  lasted  for  some 
years,  a  rapid  increase  occurs,  and  very  few  patients  reach  the  age  of 
forty.  The  course  of  the  disease  is  slower  in  girls  than  in  boys,  and 
females  furnish  a  relatively  large  proportion  of  the  late  cases. 

Varietiea. — ^The  chief  varieties  of  the  disease  depend  on  the  age  at 
which  it  commences,  and  on  the  condition  of  the  muscles,  whether  they 
are  large  or  small.  In  rare  cases  a  single  muscle  may  be  large,  and 
the  rest  small,  as  in  Fig.  164,  in  which  only  the 
vasti  were  increased  in  size.  Or  everywhere  and 
from  the  first  the  muscles  are  smaller  than  nor- 
mal, and  they  progressively  waste.  Such 
are  not  uncommon ;  in  the  first  group  of 
described  (by  Meryon),  enlargement  of  muscles 
was  inconspicuous.  Many  cases  in  which  all 
muscles  are  small  belong  properly  to  the  form 
considered  in  the  next  section.  But  it  must  be 
remembered  that  there  are  intermediate  cases 
which  form  links  between  the  two  chief  types. 
The  cases  described  by  Merjon  must  be  regarded 
as  examples  of  the  pseudo-hypertrophic  form  (see 
p.  568),  but  they  present  many  points  of  resem- 
blance to  the  "  simple  atrophy  "  described  further 
on. 

Oamplieaiions. — Congenital  mental  weakness. 
due  apparently  to  defective  development  of  the 
brain,  sometimes  complicates  pseudo-hjpertrophio 
paralysis.  In  rare  cases  there  have  heen  indica* 
tions  of  some  other  morbid  condition  of  the  central  nervous  system^ 
such  as  epilepsy.  It  is  uncertain  in  what  light  the  slight  occasiomil 
affection  of  the  bladder  is  to  be  regarded,  whether  as  an  invasion  of 
the  vesical  muscles  or  as  a  central  complication.  Yigoroux  has  recorded 
a  case  in  which  the  symptoms  of  pseudo-hypertrophic  pazalysis  were 
combined  with  the  peculiar  rigidity  of  Thomsen's  disease.  Of  course 
the  subjects  of  the  disease  are  liable,  like  other  duldrea,  to  various 


Fia.  164.— Enlarge- 
ment of  the  vatti 
and  not  of  the 
rectus.  In  this  ease 
all  other  muselet 
were  below  normal 
size. 


P8BUD0-HYPKKTKOPHI0   MUSCULAR   PABALTSIS. 


577 


ftSections  of  the  nervous  system ;  I  have  seen  both  chorea  and  polio- 
myelitis as  merely  accidental  complications. 

Pathological  Anatomy. — It  is  rare  at  the  time  of  death  for  any 
muscles  to  be  actually  larger  than  natural.  Sometimes,  however,  they 
are  enlarged,  and  the  fibres  themselves  have  been  found  hypertrophied, 
just  as  they  have  been  in  excised  parts.  There  has  also  been  found 
a  great  increase  in  the  nuclei,  atrophy  of  the  fibres,  vacuolation, 
and  division  of  fibres.  Most  of  those  that  are  affected  are  below 
the  normal  size.  They  are  pale  and  yellowish  in  colour,  and  often,  to 
the  naked  eje,  resemble  perfectly  masses  of  adipose  tissue.  The 
resemblance  is  not  merely  one  of  aspect.  As  seen  under  the  micro- 
scope, it  may  be  difficult  for  the  observer  to  realise  that  he  is  not 
looking  at  a  fatty  tumour.  Nothing  may  be  at  first  visible  but  fat- 
oells,  precisely  like  those  of  adipose  tissue.  Among  the  cells,  however* 
are  tracts  of  nucleated  fibrous  tissue,  and  a  closer  examination  of  these 
shows  that  the  tracts  contain  also  muscular  fibres  (Fig.  165),  most  of 


Ite.  16S.— 43Mlroon«iiiii«  miiMkt  mwealiir  HbrM,  imgiilarljr  Miw 
lowed  and  in  part  degenerated,  lie  among  tracts  of  nooleated  ftbrooe 
tiieoeb  eeparated  by  adipoee  tiMoe. 


I  moeh  narrower  than  normal*  They  are  also  izveigalar  la  width; 
ft  faroad  fibre,  for  instanoe  (as  in  the  figuxe),  suddenly  becoming 
nsxrow. 

The  fibres  for  the  most  part  preserve  their  transverse  striation,  but 
where  they  are  narrowest  this  may  have  in  part  disappeared,  either  by 
gxanular  degeneration,  or,  more  commonly,  by  a  simi^a  fading  of  the 
strin.  In  the  narrowed  fibres  the  striss  are  sometimes  further  apart 
than  nonnaL    In  other  parts  brosd  fibres  may  be  seen,  nonnal  or 

VOL.  L  87 


578 


SPINAL   OOBD. 


nearly  normal  in  aspect  (Pig.  166),  coursing  among  the  fai-ceDs,  and 
accompanied  by  a  smaller  amount  of  fibrous  tissue.  Fibres  occasion- 
allj  present  fattj  degeneration,  a  longitudinal  striation  or  fissuring, 
Titreous  ("waxy")  degeneration,  or  vacuolation,  but  these  are  rare. 
Some  empty  sarcolemma  sheaths  may  be  seen  where  the  narrowing  of 
the  fibres  is  greatest.  In  muscles  that  still  preserve  some  red  tint 
the  amount  of  fat  is  less,  and  there  is  often  a  relatively  larger  amount 
of  interstitial  fibrous  tissue.  Very  rarely,  in  some  part  of  a  musde 
there  has  been  only  wasting  of  the  fibres,  withoi:^  the  interstitial 
change,  present  elsewhere  (Simcer,  in  the  triceps). 


Fia.  166. — Oastrocnemini  mnscle;  two  nearly  normal  muscular  fibrM^ 
accompanied  by  fibroua  tisnae,  lurroauded  by  fat-cella. 

In  some  of  these  the  interstitial  tissue  may  be  almost  entirely 
fibrous,  a  few  fat-cells  only  being  visible  here  and  there.  In  such 
muscles  it  is  common  to  find  the  fibres  more  damaged  than  in 
those  in  which  the  growth  is  partly  fatty.  It  is  chiefly  in  the  latter 
that  many  normal  fibres  are  seen.  Muscular  fibres  larger  than  normal 
are  sometimes  found  after  death.  Such  fibres  have  been  seen  in  frag- 
ments removed  during  life  by  excision,  or  by  a  "  harpoon-trocar.**  It 
has  been  stated  that  the  increased  size  was  perhaps  due  to  a  Yxtal 
contraction  under  the  mechanical  stimulus  involved  in  the  extraction. 
Sometimes,  however,  the  enlargement  has  been  unquestionable  (see 
note,  "Muscular  Hypertrophy"). 

The  motor  nerves,  when  examined,  have  been  found  normaL  The 
eondition  of  the  sensory  Tiuscle-nerves  (which  terminate  in  the 
interstitial  tissue  in  which  the  primary  morbid  process  occurs)  has  not 
been  ascertained  in  any  instance.  The  spinal  cord  has  been  found 
perfectly  normal  in  most  cases  in  which  it  has  been  examined.  In  a 
few  there  have  been  slight  and  irregular  d^enerative  changes,  as  in 
one  examined  by  Lockhart  Clarke  and  myself;*  but  the  anterior  grey 

*  'Med.-Cbir.  Tram./  voL  Ivii,  p.  247.  In  tbia  case  tbe  cervical  and  doml 
regiona  were  normal,  witb  tbe  exception  of  bere  and  tbere  alight  accnmnUtlon%  at 
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matter  was  unaffected,  and  the  changes  were  probably  merely  asso- 
ciated, and  not  the  cause  of  the  symptoms.  Hsamorrhages  hare  been 
occasionally  found.  Probably  they  have  occurred  late  in  life  in  the 
degenerated  tissue.  The  neuroglial  cells  have  been  found  increased  in 
number,  and  the  fibres  of  the  white  substance  have  been  found  irregu- 
larly changed,  in  a  few  cases,  without  any  constancy  in  the  seat  of  the 
alteration. 

Pathologt. — ^The  common  integrity  of  the  anterior  grey  matter  of 
the  cord,  and  especially  of  the  motor  nerve-cells,  seems  condusire 
evidence  that  the  disease  of  the  muscles  is  not  due  to  a  primary  lesion 
of  the  spinal  cord.    The  slight  irregular  changes  occasionally  found  \ 

are  probably  oonsecutiTe  to  the  long  inaction  of  Uie  cord  and  d^ormiiy 
of  the  spine.  Pseudo-hypertrophic  paralysis  is  not,  therefore,  as  was 
at  first  thought,  merely  a  form  of  spinal  muscular  atrophy  with  a 
special  muscular  change.  The  significance  of  the  pathological  anatomy 
is  that  the  malady  is  a  primary  disease  of  the  muscles,  consisting  in 
an  tdtered  condition  of  the  muscular  fibres,  leading,  it  may  be,  to 
enlai^ment  and  subsequently  to  wasting  and  associated  overgrowth 
of  the  connective  tissue,  in  which  fat  may  or  may  not  be  deposited. 
The  indication  of  the  conditions  imder  which  the  disease  occurs  is 
that  it  is  congenital,  the  result  of  a  perverted  tendency  of  growth, 
inherent  in  the  embryo,  and  derived  from  the  germ  from  which  the 
embryo  proceeds.  In  this  connection  it  is  instructive  to  note  that 
there  is  one  form  of  congenital  tumour,  the  structure  of  which  is 
almost  eiactly  the  same  as  that  of  the  muscles  in  pseudo-hypertrophio 
paralysis.  "Fig.  167  might  be  a  fragment  of  a  muscle  in  this  disease, 
but  it  is  a  section  of  a  myolipoma,  the  congenital  character  of  which 
is  emphasised  by  the  fact  that  it  was  attached  to  the  conus  medullaris 
of  the  spinal  cord  of  a  patient  whose  muscles  were  healthy.  (The 
tumour  is  shown  also  in  Fig.  174.)  It  must  have  been  due  to  the 
misplacement  of  some  of  the  embiyonal  elements  from  which  muscular 
tissue  is  developed,  and  it  shows  that,  from  such  elements,  the  struc- 
tural condition  found  in  pseudo-hypertrophic  paralysis  may  arise. 
The  points  of  chief  importance  in  the  general  patliology  of  the  disease 
have  been  mentioned  in  the  introductory  remarks.  The  difficult  ques- 
tion of  the  precise  mechanism  by  which  the  muscular  fibres  suffer 
must  be  regarded  as  an  open  one.  We  may  assume  a  defective  vitality 
in  them,  but  the  conspicuous  lesion  is  the  growth  of  connective  tissue, 
and  by  this  the  fibres  are  doubtless  damaged,  whether  fatty  tissue  is 
formed  or  not.    Indeed,  the  fibres  seem  to  suffer  more  when  there  is 

the  bottom  of  the  flMnret,  of  prodaeti  of  degeneration,  probably  derivod  from  tho 
periTMcnlAT  crotion  common  at  all  agee.  At  the  Imt  donal  segment,  however,  there 
was  an  area  of  granalar  dia integration  in  the  intermediate  grey  tubstance  on  each 
aide,  in  front  of  the  poeterior  veaienhff  tract.  This  pnrt  was  ondnly  translucent  for 
half  a  centimetxe  in  vertical  extent,  and  in  the  middle  of  this  area  the  disintegration 
had  prodnced  an  actual  cavity,  across  which  the  fibres  for  the  cerebellar  tract  isd 
anchaaged. 
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onlj  fibrous  tissue  than  when  there  is  the  fattj  deposit,  although  it  b 
ohieflj  the  fat  that  causes  the  enlargement  of  the  muscles.  There 
seems  to  be  a  tendency  to  the  formation  of  fat  in  the  early  stage  of  tbe 
disease,  and  to  its  removal  in  the  later  stage,  since  in  the  former  the 
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FlO.  167. — Section  of  a  mvonpoma  which  was  attached  to  the  spinal 
cord  ot  a  man  Buffering  from  locomotor  ataxy,  for  compariaon  with 
Figs.  166  and  166. 

muscles  may  often  be  observed  to  increase  in  size,  and  in  the  latter 
they  become  smaller,  partly  from  some  removal  of  fat  and  partly  from 
the  increasing  atrophy  of  the  muscular  fibres.  It  is  then  that  the 
greatest  impairment  of  power  occurs.  In  the  cases  in  which  the 
muscles  are  small  from  the  first,  the  tendency  to  the  deposit  of  fait 
seems  slight,  and  the  condition  is  an  almost  pure  muscular  sclerosis. 
The  late  shortening  which  occurs  seems  to  be  due  to  the  contraction 
of  the  interstitial  fibrous  tissue,  and  it  often  coincides  wiik  the 
shrinkage  from  the  removal  of  some  of  the  fat,  and  the  atrophy  of  tbe 
musculao:  fibres. 

If  it  be  true  that  the  latissimus  dorsi  and  lower  half  of  tbe 
pectoralis  are  sometimes  congenitally  absent  in  pseudo-hypertiophio 
paralysis,  the  fact  is  quite  consistent  with  the  explanation  of  the 
nature  of  the  disease  given  above.  These  two  muscles  stand  perhaps 
lowest,  in  functional  importance^  among  the  muscles  of  the  body, 
being  used  chiefly  for  the  rare  depression  of  the  arm  against  a 
resistance  (see  p.  37).  It  is  readily  intelligible  that  a  defect  in  the 
embryonal  tissue  of  the  muscular  system  should  be  quantitative  as 
well  as  qualitative. 

The  loss  of  the  knee  jerk  is  sufficiently  explained  by  the  lesion  of 
the  muscles.  According  to  the  theory  that  the  irritability  on  which 
the  jerk  depends  is  due  to  a  musde-reflex  action,  the  loss  is  readily 
intelligible,  since  the  afferent  influence  is  due  to  the  stimulation,  by 
tension,  of  the  sensoiy  muscle-nerves,  and  these  end  (or  begin)  in  tli^ 
interstitial  tissue,  which  is  the  seat  of  the  primary  morbid  process  in 
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this  disease.    But  the  wasting  of  the  mosciilar  fibres  must  also  be 

capable  of   abolishing  the  knee-jerk  when  the  atrophy  reaches  a 

considerable  degree,  and  it  is  also  possible  that  the  motor  nerve- 

endings  share  this  structural  damage.   On  any  theory  of  the  nature  of 

the  knee-jerk,  this  will  explain  its  loss.    It  is  only  when  the  muscular 

changes  have  attained  a  considerable  degree  that  the  loss  occurs.  \ 

The  fact  therefore  does  not,  in  itself,  suggest  any  lesion  of  the  spina] 

cord.    If  the  malady  is  thus  one  of  a  morbid  developmental  tendency, 

it  is  not  surprising  that  a  tendency  to  analogous  developmental 

diseases  should  be  sometimes  present  in  the  nervous  system,  and  that 

thus  imbecility  and  epilepsy  on  the  one  hand,  or  albinism  on  the  other,  / 

(ihould  be  occasionally  associated  with  the  disease.  / 

Diagnosis. — The  diagnosis  of  the  disease  is  usually  easy  if  its  .^ 

characters  are  known.     The  peculiarity  of  gait  and  the  mode  of  rising  / 

from  the  floor,  the  age  of  the  patient,  and  the  progressive  character  of  / 

the  impairment,  are  in  themselves  sufficient  to  suggest  the  affection, 
and  examination  reveals  enlargement  and  often  contraction  of  the  calf 
muscles,  and  a  change  in  the  size  of  others,  which  confiim  the  diagnosis. 
The  mode  of  rising  is  not  absolutely  pathognomonic,  and  it  has  misled 
even  good  observers ;  it  is  occasionally  acquired  in  other  diseases  in 
which  there  is  a  gradual  weakening  of  the  extensors  of  the  hip  and 
knee.  It  is  met  with  equally  in  the  simple  idiopathic  atrophy,  but 
is  so  rare  from  any  other  cause  as  to  be  of  veiy  great  diagnostic 
Buggestiveness. 

Of  the  condition  of  the  muscles,  that  which  is  most  chaiacteristic 
J0  the  combination  of  enlargement  of  the  infraspinatus  with  a 
wasting  of  the  latissimus  and  lower  part  of  the  pectoralis.  I  pointed 
out  some  years  ago  *  that  this  condition,  which  is  seldom  absent,  is  of 
very  high  diagnostic  importance,  and  subsequent  observations  have 
fully  confirmed  the  opinion.  Next  in  importance  is  the  enlargement 
of  the  calf  muscles,  especially  in  combination  with  contracture  that 
cannot  be  overcome.  In  general,  the  enlargement  and  diminution  of 
neighbouring  muscles  is  very  significant,  but  it  must  be  remembered 
that  they  mskj  be  gravely  diseased,  and  yet  of  normal  size,  or  from 
the  first  smaller  than  normal.  In  such  cases  they  are  often  hard, 
and  the  distribution  of  the  affection  is  the  same  as  that  of  the  double 
change  in  typical  cases.  Such  cases  illustrate  the  relation  of  this 
form  to  the  simple  atrophy  described  in  the  next  section. 

The  disease  with  which  confusion  is  most  common  is  the  so-called 
"congenital  spastic  paraplegia"  (p.  495).  Both  diseases  affect 
children ;  in  both  there  are  weakness  of  the  legs  and  contraction  of  the 
calf  muscles,  and  in  both  the  muscles  are  frequently  large.  The  chief 
distinctions  have  been  already  mentioned.  The  most  important  are 
the  preservation  and  excess  of  the  knee-jerk  in  spastic  paraplegia,  the 
tendency  to  spasm  of  the  legs — the  facts  that  the  contracture  is  active 
and  oaa  be  overcome,  that  the  patient  does  not  rise  from  the  ground 
*  'Fkeado-hypertropbie  Hutcolar  Par»lyfis»*  London,  1879. 
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in  the  way  peculiar  to  pseudo-lijpertropliic  paralysiiy — and  tbe  oppo* 
site  tendency  of  the  two  diseases.  Congenital  dislocation  of  both 
hips  sometimes  presents  a  superficial  resemblance.  Spinal  moBoalar 
atrophy  is  only  likely  to  be  confused  with  the  simple  atix)phy. 

Between  the  two  forms  of  idiopathic  atrophy  the  distinction  if 
scarcely  one  of  diagnosis  proper ;  it  is  rather  a  question  of  the  category 
in  which  a  case  should  be  placed.  The  most  important  distraction  ia 
the  freedom  of  the  calf  muscles  from  enlargement  in  the  atrophic  form. 
The  face  is  not  affected  in  pseudo-hypertrophy  as  it  often  is  in 
idiopathic  atrophy,  except  only  in  some  intermediate  instances.  If 
more  than  one  member  of  a  family  is  affected,  some  of  the  sufferers 
will  usually  present  characteristic  symptoms  of  the  special  form,  for  H 
is  remarkable  with  what  constancy  the  two  types  generally  remain ' 
distinct  (see  p.  567). 

Pboonosis. — In  the  case  of  any  child  with  pseudo-hypertrophie 
paralysis,  the  prognosis  is  most  grare.  It  is  almost  certain  that  eadi 
year  will  bring  increasing  disability,  and  that  the  patient  will  not 
reach  adult  life.  It  is  only  when  the  disease  derelops  late,  and  th* 
symptoms  do  not  become  considerable  until  after  twenty  years  of  age^ 
that  there  is  a  possibility  that  the  disease  may  not  attain  its  ultimate 
degree,  bat  even  in  such  cases  this  hope  is  seldom  realised.  In  any 
case,  and  at  any  age,  it  is  unlikely  that  the  patient  will  lire  more  than 
seven  years  after  the  power  of  standing  ia  lost.  But  even  in  this  con* 
dition  arrest  seems  to  take  place  in  the  progress  of  the  disease.  One 
patient  is  known  to  the  writer  who  presents  a  typical  picture  of  tht 
pseudo-hjrpertrophic  type,  who  is  now  over  forty,  and  has  nerer  been 
able  to  run.  He  has  remained  stationary  certainly  during  the  last 
eight  years,  probably  longer. 

Tbeatmbnt. — As  a  congenital  developmental  malady,  pseudo-hypei^ 
trophic  paralysis  is  one  of  those  diseases  in  which  medicine  is  neces- 
sarily powerless  to  cope  with  the  essential  elements  of  the  process. 
As  may  be  therefore  expected,  no  drug  has  been  found  to  exert  an 
influence  on  the  cotirse  of  the  affection,  although  such  nervine  tonics 
as  phosphorus  and  arsenic  have  been  thought  sometimes  to  retard  for 
a  time  the  progress  of  the  weakness.  The  stimulation  of  the  muscles  by 
electricity  has  been  employed  and  advocated,  but,  however  sedidously 
employed,  no  distinct  result  follows  the  use  of  either  faradism  or 
voltaism.  It  must  be  remembered,  moreover,  that  electricity  is  a  very  . 
feeble  agent  in  stimulating  the  growth  of  muscular  fibres,  compareil 
with  the  physiological  stimulus  of  voluntary  effort.  Muscular  exercise 
may  reasonably  be  looked  to  in  order  to  make  up,  in  some  degree^ 
what  is  lacking  in  this  disease,  and  does  seem  to  have  some  influence 
in  retarding  the  failure  of  power.  It  may  perhaps  induce  further 
growth,  or  greater  power  in  the  muscular  fibres  that  have  not  yet 
suffored,  or  actually  supplement  the  defective  trophic  energy.  When 
muscular  exercise  is  stopped,  there  is  certainly  a  quicker  failure  of 
strength.    Hence  it  is  desirable  that  the  patient  shoidd  carry  oat 
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careMlj  planned  gynmastio  exercises,  so  arranged  as  to  call  into 
action  the  mtiBcles  that  most  need  help.  These,  thoroughly  per- 
severed in,  hare  seemed,  more  than  an j  other  means,  to  retard  the 
disease.  Although  thej  have  not  in  any  case  arrested  it,  the  trouble 
that  is  necessary  to  arrange  the  method  is  certainly  weU  spent. 
Subbing  and  massage  improve  the  circulation,  and  help,  espedally 
when  combined  irith  passive  movements,  to  lessen  the  tendency  to 
muscular  contraction  and  consequent  deformities. 

The  influence  of  muscular  exercise  renders  it  very  important  to 
maintain  locomotion  as  long  as  possible.  The  ability  to  stand  and 
walk  is  generally  lost,  through  the  contraction  of  the  calf  muscles, 
some  time  before  the  muscular  weakness  would  take  the  patient  off  his 
feet.  In  such  cases  tenotomy  may  restore  the  power  of  walking  for 
some  years,  and  when  the  contracture  returns,  its  removal  has,  a 
second  time,  enabled  walking  to  be  resumed.  The  operation  is  thus 
distinctly  beneficial,  and  should  be  performed  as  soon  as  the  actual 
need  for  it  arises,  and  division  of  the  tendon  is  far  better  than  any 
imperfect  substitute. 

During  the  later  stages  of  the  disease  great  care  is  required  to 
preserve  the  patient  from  catarrh,  which  helps  to  excite  the  pulmonary 
mischief  that  so  often  ends  life.  Similar  care  is  also  needed  during 
any  intercurrent  malady  which  the  patient  may  contract. 


SiMPUi  Idiopathzo  Musouxjlb  Atrophy.* 

The  oases  in  which  there  is  no  muscular  enlargement,  in  which 
wasting  is  manifest  from  the  first  in  the  size  of  the  muscles,  are  much 
more  rare  than  the  x>seudo-hypertrophic  disease.  They  belong  to 
several  lypes,  more  or  less  distinct^  of  which  the  most  common  is  that 
to  which  Erb  has  given  the  name  of  "juvenile,**  and  of  which  most 
instances  are  probably  the  pseudo-hypertrophic  disease  without  mus- 
cular enlargement;  others  are  more  special,  since  the  lower  limb  muscles 
have  snfEered  but  Uttle.  A  more  striking  variety  is  that  which  is 
characterised  by  the  affection  of  the  muscles  of  the  face  in  addition  to 
those  of  the  shoulder  girdles — the  "  facio-scapulo-himieral  type  '*  of 

*  The  most  importnnt  writingt  on  the  lobject  (besides  those  specially  quoted)  are 
^hoee  of  Dachenne  in  ' Electrisstion  localise*  (p.  00 of  Poore's  translation,  pablibhed 
by  the  New  Sydenham  Society)  i  Biirsickow, '  Inang.  Dissert./  Halle,  1872 1  Ley  den, 
<  Klin.  d.  Ruekenm.  Krank./  Bd.  ii,  p.  525 ;  MObins,  **  Hered.  Nervenk./'  Yolkmann's 
'Klin.  Ynrtrlge,'  No.  171;  Landonsy  and  Dejerine,  '  Revae  de  M^d./  ISSS,  pp.  81 
and  261 ;  Marie  and  Guinon  (a  series  of  cases  obserred  at  the  Sa1pAtri^re),ib.9  1885 1 
Saehs/New  York  Med.  Journ.,'  Dee.  16tb,  1888;  Hitzig,  'Berlin,  klin.  Wochen- 
•chr.»'  1888 1  Sin^r, '  Zeitsch.  f.  Heilk./  Bd.  Till.  Bspecially  Talanble  are  the  papers 
by  Brb,  'Dent.  Archiv  f.  klin.  Med./  Bd.  zxxiT»  1884»  and  'Neurol.  Centralbl./ 
July  Isty  1886,  with  nnmeroas  later  writings.  Bibliographical  references,  Ae.,  will 
be  foond  also  in  Tooth's  'Thesis  on  the  Peroneal  Type,'  and  in  my  Lecture  on 
PMado-hypertrophio  Paralysis  (1879),  and  in  Sachs*  article  (\<m,  cit.). 
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LandoTuy  and  Dejerine.  In  a  third  Tarietj  the  affection  bcgioi  is 
the  legs,  and  is  peculiarly  slow  in  course.  Some  other  types  may 
ultimately  be  differentiated,  but  it  is  important  to  recognise  the  &ot 
that  even  those  that  we  can  now  distinguish,  as  the  most  pronounced 
in  their  features,  do  not  keep  entirely  distinct.    They  are  connected. 


FlO.  168. — Simple  idiopnthic  mntenlar  atrophy.  From  pnototrrapbs 
kindly  lent  by  Dr.  J.  H.  Crocker.  Particulars  of  theM  caae«  and 
many  similar' are  given  in  an  excellent  titf»i<is  on  thin  disease  by 
Dr.  Crocker. 


by  intermediate  forms,  not  only  with  each  other,  but  even  with  the 
pseudo-hypertrophic  disease,  as  already  mentioned.*  But  these  are 
unusual ;  as  a  rule  the  two  latter  types  remain  distinct  in  the  familieB 
in  which  they  occur,  and  this  is  the  justification  for  their  separate 
description.  In  those  families  in  which  simple  muscular  atrophy 
occurs,  however  numerous  the  cases,  however  different  the  distribu- 
tion of  the  disease,  and  however  various  the  ages  at  which  it  begins, 
cases  rarely  present  the  distinctive  characters  of  pseudo-hypertrophic 


There  is  less  constant  separation  between  the  simple  ''juvemle" 
and  the  facial  forms.  Although  they  often  keep  distinct,  the  affec- 
tion of  the  face  has  been  absent  in  a  few  cases  in  a  family  in  which  it 

*  E.  g,  case  described  and  collected  by  Marie  and  Guinon  (loo.  eit.),  conneetinf 
the  pseudo-hypertrophic  form  with  both  the  jaTenlle  and  the  facial. 
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wu  the  first  part  to  be  affected  in  most  sufferers.  Thus  a  man  with 
simple  atrophy,  beginning  at  fourteen  in  the  shoulder  and  thigh 
muscles,  whose  face  was  unaffected,  had  a  d  tughter  who  began  to 
suffer  at  eleven,  and  in  whom  the  face,  scapular,  and  arm  muscles 
were  involyed.*  The  peculiar  "  peroneal  type  '*  is  not  included  in  this 
outline,  and  the  statements  here  made  do  not  apply  to  it. 

Causes. — We  are  able  to  trace  no  cause  beyond  the  congenital 
tendency,  already  considered,  shown  by  the  occurrence  of  many  cases 
in  the  same  family,  and  in  more  than  one  generation.  In  one  remark- 
able series  recorded  by  Barsickow,  twenty -four  cases  were  distributed 
through  five  generations,  and  the  disease  was  also  traced  through  five 
generations  in  a  group  described  by  Landouzy  and  Dejerine  It  is 
Teiy  rare  for  the  disease  to  be  confined  to  one  generation,  far  more 
rare  than  for  pseudo-hypertrophic  paralysis  to  be  so  confined.  But, 
as  in  the  case  of  most  congenital  hereditary  diseases,  cases  that  are 
apparently  isolated  are  occasionally  met  with.  Such  isolated  cases  are 
rare — ^more  so,  probably,  than  in  the  pseudo-hypertrophic  form ;  al- 
though wider  observation  may  show  that  they  are  more  frequent  than 
we  now  suspect.  In  the  families  of  the  patients  shown  in  Pigs. 
169-172  no  example  of  analogous  disease  coidd  be  heard  of. 

Both  sexes  suffer;  in  a  few  families,  females  chiefly;  in  others, 
males ;  in  most,  both  have  been  affected.  The  age  at  which  the  disease 
first  manifests  itseK  is  extremely  variable.  It  may  begin  as  early  as 
two  t  or  three,^  and  as  late  as  sixty  years.  But  the  onset  is  seldom 
during  childhood;  in  the  majority  of  cases  the  disease  shows  itself 
between  fifteen  and  thirty-five;  that  is,  during  the  later  perod  of 
growth  and  the  early  period  of  adult  life.  Even  in  the  same  family, 
the  variations  maybe  extreme;  in  that  described  by  Barsickow  the 
date  of  the  onset  of  seventeen  cases  was  known,  and  was  as  follows : — 
in  one  at  12 ;  in  four  between  15  and  20 ;  in  seven  between  20  and  80 ; 
in  three  between  80  and  40 ;  in  two  after  40.  A  woman  aged  fifty-two 
began  to  suffer  at  80,  but  her  son  at  3  years  of  age.§  Sex  has  no 
influence  on  the  date  of  onset,  nor,  as  a  rule,  can  any  relation  be  traced 
between  the  date  and  the  place  at  which  the  wasting  begins.  When  the 
wasting  begins  in  the  face,  the  disease  more  frequently  commences  in 
childhood  than  when  the  first  symptoms  are  in  the  limbs,  but  in  some 
instances  the  atrophy  has  commenced  in  the  face  late  in  life,  and  this 
in  the  same  family  in  which  other  sufferers  have  been  young.  Thus 
in  the  sexual  )>roclivity,  and  in  the  date  of  onset,  there  is  a  marked 
difference  between  this  form  and  pseudo-hypertrophy,  the  latter 
showing  a  stronger  tendency  to  affect  males,  and  to  manifest  itself  in 
childhood.     The  "juvenile"  form,  as  a  rule,  presents  less  difference. 

•  Troisier  and  Oainon,  'Rev.  de  MM.,'  1889,  p.  48.    Bee  alio  Singer*  'Zeit.f 
Heilk.,'  viii,  p.  229. 
t  Kreske,  'Hunch,  med.  Wochenschr^  ISSd. 
X  Landonsy  and  Dcjeriney  loe.  eit. 
§  Ibid. 
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As  a  rule,  no  direct  exciting  cause  can  be  traced.  In  a  few  buteieet 
the  onset  has  succeeded  some  other  morbid  prooessy  sack  aa  ch]orod% 
acute  disease,  or  rheumatic  affections  due  to  exposure  to  cold ;  and  the 
depression  of  general  health  resulting  from  these  maj  have  determined 
the  time  of  onset,  but  is  not  likelj  to  have  done  more.  In  other  in* 
dividuals  of  the  same  families  the  disease  has  deyeloped  without  the 
aid  of  any  exciting  influence. 

Symptoms. — The  onset  is  always  gradual.  Weakness  and  wasting 
come  on  together,  and  are  noticed  simultaneouslj,  unless  the  com- 
mencing atrophy  is  concealed  by  subcutaneous  fat.  The  atrophy 
generally  begins  in  the  upper  arm  and  shoulder  muscles,  having,  in 
the  most  common  "juYenile"  form,  a  similar  distribution  in  these 
parts  to  that  of  pseudo-hypertrophic  paralysis.  In  the  facial  form, 
however,  this  part  usually  suffers  flrst,  as  in  the  lad  figured  on  p.  589. 
In  rare  cases  the  wasting  not  only  begins  in  the  legs,  but  remains 
limited  or  almost  limited  to  them.  In  the  part  first  affected  the  dis* 
ease  slowly  increases,  and  thence  it  usually  spreads.  The  onset  may 
be  symmetrical  on  the  two  sides,  or  one  side  may  suffer  some  tima 
before  the  other. 

Of  the  arm  muscles,  the  weakness  and  wasting  are  noticed  first  in 
the  biceps  and  triceps,  and  with  these  the  supinator  longus  often 
suffers.  But  examination  generally  shows  that  the  lower  part  of  the 
pectoralis  and  latissimus  dorsi  are  greatly  wasted,  a  loss  of  which  the 
patient  may  be  little  aware,  on  account  of  the  relatiye  unimportance  ofi 
these  muscles.  Sometimes  the  upper  part  of  the  pectoralis,  and  even 
the  pectoralis  minor,  are  also  affected.  The  tendency  to  atrophy  of 
the  lower  part  of  the  pectoralis  and  latissimus  is  a  ohaiacter  which,  as 
already  stated,  is  common  to  this  disease  and  pseudo-hypertrophio 
paralysis,  but  not  invariable  in  either.  The  deltoids  are  rarely  in« 
volved ;  in  many  cases  they  are  normal ;  sometimes  they  have  been 
thought  to  be  unduly  large ;  in  a  few  instances  they  have  been  wasted. 
The  serratus  magnus  is  often  affected  (Fig.  172),  but  may  escape,  even 
in  a  severe  case.  The  supraspinatus  and  infraspinatus  may  also 
suffer,  but  are  often  normal,  or  even  enlarged;  the  trapezius  and 
rhomboids  have  been  affected  in  many  cases ;  sometimes  much  atio* 
phied,  especially  in  the  "  juvenile"  form. 

The  forearm  muscles  generally  escape,  with  the  exception  of  the 
supinator  longus.  Occasionally  there  has  been  some  weakness  of  the 
long  extensors  or  flexors  of  the  fingers,  with  or  without  slight  visible 
wasting.  In  the  case  mentioned  on  the  next  page  the  extensors  of 
the  phalanges  of  the  thumb  were  involved  on  the  left,  and  the  radial 
extensor  of  the  wrist  on  the  right  side.  Barely  the  forearm  muscles 
have  been  much  atrophied.  In  several  instances  there  has  been  some 
atrophy  of  the  small  muscles  of  the  hands,  the  thenar  and  interosseal 
muscles,  or  the  interossei  only,  as  in  the  case  of  Landouzy  and 
Dejerine ;  but  in  the  majority  the  integrity  of  these  musdee  is  a  marked 
feature  of  the  disease  and  a  contrast  to  the  spinal  form. 
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The  affection  of  tlie  face  is  peculiar.  There  is  commonlj  a  failure 
of  the  zygomatic  muscles,  and,  in  consequence,  a  loss  of  the  naso-labial 
furrow,  and  a  curious  alteration  in  the  smile ;  instead  of  the  angles  of 
the  mouth  being  drawn  outwards  and  upwards,  thej  are  moved 
upwards  bj  the  elevators  of  the  upper  lip  and  angle  of  the  mouth. 
The  orbicularis  oris  is  also  affected,  and,  in  consequence,  the  lips 
arehabituallj  separated,  the  lower  lip  projects,  the  patient  cannot 
''pout"  or  whistle,  and  the  articulation  of  labials  is  imperfect. 
The  face  has  a  dull  expression,  and  the  aspect  is  very  peculiar; 
it  has  been  termed,  by  Landouzy  and  Dejerine,  the  "  myopathic 
face.'*  In  one  case,  observed  by  them,  tlie  face  was  unequallj 
involved  on  the  two  sides.  Barely  (as  in  Fig.  171)  the  frontaJes 
have  been  involved,  and  the  orbicularis  palpebrarum  has  been 
weak,  and  the  eyes  cannot  be  completely  closed.  Weakness  of  the 
eyelids  was  suppr>sed  to  be  the  cause  of  distinct  exophthalmos  present 
in  one  woman.*  In  the  case  described  by  Kreske,  inability  to  dose  the 
eyes  was  noted  at  three,  and  at  ten  the  paralysis  of  the  face  was 
absolute.  Wasting  of  the  muscles  may  be  indistinct,  because  the 
contour  of  the  face  is  only  to  a  slight  degree  influenced  by  the  substance 
of  the  muscles  The  projecting  lower  lip  may,  indeed,  appear  to  be 
thicker  than  normal.  In  many  cases  the  buccinators  have  been  affected, 
in  some  instances  they  have  been  normal,  and  then  have  drawn  out  the 
angles  of  the  mouth  in  smiling.  The  tongue  has  been  always  un« 
affected,  and  so  also  have  the  pharynx,  larynx,  muscles  of  mastication* 
and  the  eyeball  muscles.f 

The  muscles  of  the  spine  have  sometimes  been  normal,  sometimes 
they  have  been  considerably  atrophied.)    The  intercostals  are  often 

*  LandoQiy  and  Dejerine. 

t  In  a  ■in^lur  case  nnder  my  ear*  aome  jean  ago^  an  affection  of  the  facial 
mnsclet,  tiTnilar  to  that  of  idiopathic  mntenlar  atrophy,  waiaaeociated  with  paraljtia 
of  ocniar  mascles.  The  patient  was  a  girl  twenty •seTen  years  of  age ;  there  were  no 
indicationi  of  syphilis,  nor  could  any  history  of  muscnlar  atrophy  in  the  family  be 
ascertained.  The  ocular  palsy  commenced  ^adually  at  twenty-four,  and  increased 
until  the  movemeifts  of  both  eyea  upwazdi,  of  the  left  eye  inwards,  and  tHe  right  out* 
wards,  were  lost,  and  all  other  moTements  were  weaki  ned.  The  eyelids  drooped 
sli^h  I  ly ;  the  inteni:il  ocniar  muscles  were  normal.  The  R£Fection  of  the  face  followed 
that  of  the  «'yes ;  the  atygoinatic  muscles  were  powerless,  so  that  the  smile  consisted 
only  in  elevation  of  the  upper  lipi  the  orbicularis  was  weak.  The  palate,  pharynx, 
and  iNrynz  were  normal.  The  arms  became  feeble,  and  the  flexors  of  the  hips 
almost  powerless.  There  was  no  visible  change  in  the  nutrition  or  electrical  irrita* 
bility  of  the  muscles ;  the  knee-jerk  was  normal.  If  the  ease  was  central,  as  it 
appt^arcd  to  be,  the  peculiar  affection  of  the  lips  and  lygomatics  is  nut  confined  to 
idioputhic  musctihir  atrophy.  If  the  diseasse  was  muscular,  the  eyeball  muscles  do 
not  invariably  escape.  With  this  CHse  may  be  noted  one  recorded  by  Oppenheim 
('Charity  Annalen/  xiii)  as  the  "juvenile"  form,  with  derangement  of  the  lateral 
movement  of  the  eycft,  nystagmus,  and  some  laryngeal  palsy.  The  shoulder  and 
thigh  mnscles  pnffered  chiefly,  but  below  the  knee,  the  peronei — a  noteworthy 
aberration  trom  the  type. 

{  Atrophy  began  in  the  back  muscles  at  forty-four  in  a  case  recorded  by  Mnsao 
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affected  in  the  later  stages,  but  rarelj  in  extreme  degree.  Ibe 
diaphragm  also  sometimes  suffers.  The  abdominal  muscles  hare 
b^en  involved  in  onlj  a  few  instances.  In  the  legs  the  muscles 
most  commonly  affected  are  the  flexors  of  the  hip,  the  extensors 
of  the  knee,  and  less  frequently  the  glutei.  The  muscles  below 
the  knee  have  escaped  in  manj  cases ;  when  thej  have  suffered,  the 
atrophy  has  often  been  general.  When  the  peroneal  and  anterior 
tibial  muscle <  have  been  specially  affected,  as  in  the  case  shown  in 
Fig.  172,  the  case  has  generally  ben  of  the  peculiar  ** peroneal*' 
tvpe  to  be  presently  mentioned,  although  it  is  possible  that  some 
instances  of  the  kind  are  on  the  borders  of  the  group  now  under  con- 
sideration. 

The  electric  irritability  of  the  affected  muscles  is  usually  lessened 
in  proportion  to  the  wasting,  and  equally  to  both  currents.  Indeed, 
the  diminution  seems  sometimes  out  of  proportion  to  the  wasting,  and 
gi-eat  when  the  atrophy  is  slight.  There  is  no  trace  of  degenerative 
reaction,  and  there  is  not  even  the  longer  persistence  of  voltaic  than 
of  f aradic  irritability  which  occurs  in  the  more  chronic  cases  of  spinal 
atrophy.  Fibrillation  is  almost  always  absent,  but  not  quite  in» 
variably ;  hence  its  absence  cannot  be  made  distinctive,  still  less  its 
presence.  Myotatic  irritability  is  lessened  or  lost ;  it  is  never  increased. 
Some  shortening  of  muscles  has  been  occasionally  noted,  frequently  in 
the  calf  muscles,  rarely  in  the  biceps. 

All  other  functions  of  the  nervous  system  are  unaffected.  Sensi- 
bility is  normal.  In  a  few  cases  transient  rheumatoid  paina  have 
accompanied  a  rapid  development  of  the  disease  in  the  arms,  bat  in 
the  vast  majority  of  cases  the  disease  is  painless.  The  sphincters  Bie 
unaffected,  and  there  is  no  tendency  to  trophic  or  vaso-motor  dis- 
turbance. 

As  the  muscular  atrophy  progresses,  the  form  of  the  affected  parts 
becomes  changed  just  as  in  spinal  atrophy.  Deformities  may  also 
occur,  chiefly  from  the  shortening  of  less  affected  muscles,  but  these 
rarely  reach  the  considerable  degree  common  in  other  forms  of 
muscular  wasting.  Lordosis  occurs  in  the  upright  posture,  and  is 
probably  due  to  the  same  mechanism  as  in  pseudo-hypertrophie 
paralysis,  ceasing,  as  in  that  disease,  when  the  patient  sits  (compare 
Figs.  169  and  172).  When  the  muscles  of  the  lower  leg  are  involved 
talipes  may  develop. 

The  course  and  duration  of  the  disease  are  exceedingly  variable. 
The  atrophy  may  remain  limited  to  the  part  in  which  it  b^ins.  The 
face  alone  haa  been  affected  in  some  members  of  a  family,  although  in 
other  members  the  limbs  subsequently  suffered.  In  cases  in  which 
the  wasting  spreads,  years  may  intervene  before  the  extension  takes 
place.    In  one  case,  for  instance,  the  right  arm  became  affected  at 

<*  Riv.  Clin./  Jane,  1887),  and  twelvt  years  later  hnd  involved  alio  the  lega.  The 
p  itient's  mother,  two  brothers,  sister,  and  maternal  nude  suffered  in  Ihe  euM  way 
At  the  same  age. 
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nineteen,  the  left  at  twent j-fiye,  and  the  legs  at  thirty.  In  another  the 
arms  began  to  waste  at  thirtj-five,  power  of  standing  was  only  lost  at 
fifty- five,  and  the  patient  lived  till  seventy-five.   Even  when  the  malady 


T^ro.  169. 


Pra.  i: 


FiOB.  169  TO  171.— IdiopAthio  mascalar  atrophy  affecting  the  face.  Pi(^.  I(i9 
■howg  the  wasting  of  the  deltoid  upper  arm  muscles  and  snpinator  lonirut 
(while  the  forearm  iniucles  are  not  wasted),  and  the  rotation  of  the  Kcapula 
from  the  loss  of  the  trapezias  and  rhomboids.  Fig.  170  shows  the  habitual 
appearance  of  the  face,  and  Fig.  171  the  greatest  possible  movement  of  the 
facial  muscles  in  dosing  the  eyes  and  smiling,  and  also  the  wasting  of  the 
deltoids  and  pectorals.  The  general  distribution  of  the  atrophy  and  projec- 
tion of  the  scapulas  are  seen  in  Fiu^  172.* 


*  The  patient  was  a  lad  sixteen  years  of  age.  The  following  is  an  abstract  of 
the  notes  of  hit  ease.  In  his  family  no  history  of  any  similar  affection  ean  be 
ascertained.  There  ie  conclusive  evidence  that  he  had  a  hard  chancre  at  the  age 
of  three,  followed  by  secondary  symptoms.  The  muscular  wasting  began  gradually 
during  childhood;  even  when  very  young  there  was  little  movement  in  the  face,  and 
that  ceased  at  the  age  of  six  or  seven.  Walking  became  difficult  about  three  years 
ago.  The  face  is  almost  motionless:  an  effort  to  smile  causes  only  a  just  perceptible 
movement  of  the  left  cheek,  the  amount  of  which  is  fairly  indicated  by  the  diffiTence 
between  Figs.  170  and  171.  It  is  accompanied  by  a  distinct  movement  of  the  ears, 
^e  lips  are  full  and  can  be  brought  together,  but  not  shortened.  The  eyelids  cannot 
be  made  to  meet,  even  with  a  strong  effort,  being  then  ^  inch  apart.  Forehead 
absolutely  motionless.  Eyeballs  prominent,  movements  normal.  Masseters,  tongne^ 
pharynx,  and  larynx  unaffected.  In  the  neck  the  8terno-mast«)ids  are  very  small  and 
feeble,  the  omo-hyoids  large  and  strong.    The  following  muscles  seem  qnite  gone^ 
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begins  in  childhood  its  progress  is  sometimes  very  slow.  Thus  in  one 
case  the  affection  of  the  face  was  first  noticed  at  five,  at  twelve  the 
arms  began  to  suffer,  and  a  few  years  later 
the  flexors  of  the  hip  became  weak,  but  the 
patient  was  still  able  to  walk  at  the  age  of 
forty.  Tlie  disease  may  increase  until  deve- 
lopment is  over  and  then  remain  statiomiry, 
as  in  a  case  in  which,  at  forty-four,  there 
had  been  no  change  since  the  age  of  tweoty. 
The  patient's  daughter  was  more  severely 
affected.*  On  the  other  hand,  the  progress 
of  the  disease  may  be  more  rapid  and  uni- 
form, and  the  atrophy  may  reach  its  widest 
distribution  in  eight  or  ten  years.  In  most 
cases,  even  of  severe  type,  the  wasting  doci 
not  become  universal,  but  remains  limited  to 
the  muscles  mentioned  above,  but  occasionally 
hardly  any  muscles  of  the  body  may  escape. 

The  duration  of  the  disease  varies  from  ten 
to  fifty  years.  Death  has  never  occurred  as 
the  direct  result  of  the  malady.  In  the  cases 
of  most  severe  degree  and  rapid  course  the 
patient  has  usually  died  from  phthisis,  pro* 
bably  related  to  the  deficient  breathing  power, 
just  as  in  the  sufferers  from  pseudo-hypertro- 
phic  paralysis.  In  most  cases,  however,  death 
has  been  due  to  other  maladies,  and  has  not 
been  in  any  degree  the  consequence  of  the  muscular  disease. 

Pathological  Anatomy. — In  general,  the  condition  of  the  mus- 
cular fibres  resembles  that  met  with  in  pseudo-hypertrophic  para- 
lysis, the  increase  of  interstitial  tissue  being  wanting  except  in  those 

trapeuos  (except,  perhaps,  a  little  Of  the  middle  part  of  the  right),  rhoioboidi^ 
deltoid,  pectorales,  latiHiinnt  dors!,  lerrati,  bice)«,  bracltialis,  tricepa,  aupinator 
loii.^Tis.  The  lev.  ang. scapula,  topra-  and  iofra-spinatiia  are  unaffected;  the  latter 
is  large,  bat  probably  only  hypertrophied  from  OTer-ose,  The  supinator  longus  is 
fe«-ble  on  the  left,  powerless  on  the  right  side.  The  extensors  of  the  phalanges  of 
tlw  thomb  are  lost  on  the  left  side,  and  the  extensor  carpi  radialis  on  the  right.  All 
tlic  other  forearm  and  hand  ronscles  appear  to  be  unaffcted.  The  erectors  of  the 
spine  are  small  and  feeble;  iutercostals  strong,  diaphragm  powerless,  abdominal 
ui  iiscles  weak.  In  the  leg^  the  glutei  and  flexors  of  the  knees  seem  normal,  the  flexors 
of  the  hips  weak,  extensors  of  the  knees  small  and  feeble,  muscles  of  the  lower  leg 
rather  small  and  feeble,  but  only  the  peronei  are  powerless,  right-angled  contracture 
of  ankle-joint  with  tendency  to  varus.  Knee-jerk  absent.  Circumference  (in 
inches)  of  upper  arms  (middle),  R.  5<)^,  L.  6f ;  of  forearm  (maximum),  each  8;  of 
tliighs  (minimum  2^  inches  above  patella),  &.  10^,  L.  91 ;  calves  (maximum), 
R.  I0|,  L.  11.  Electric  irritability  much  lowered  in  all  affected  muscles  to  eadi 
current;  in  most,  no  contraction  can  be  obtained.  Sensation,  the  sphineteis,  and 
the  viscerhl  functions  are  unaffected. 
*  Landouzy  and  Dejerine,  loc.  ciL 
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cases  tbat  reallj  belong  to  this  form,  bat  in  wUcli  the  characteristiQ 
enlargement  is  absent,  because  no  fat-cells  are  developed  in  the  tissue. 
A  multiplication  of  nuclei  is,  however,  sometimes  seen.  The  chief 
change  is  sometimes  a  simple  narrowing  of  the  fibres,  *Wth  an  ultimate 
disappearance  of  the  transverse  striation.  Degenerative  changes  are 
frequently  met  with,  indistinct  striation  or  granular,  fatty,  or  "  waxy  " 
transformation  being  seen  here  and  there,  alike  in  narrowed  or 
enlarged  fibres,  and  in  those  that  retain  their  normal  calibre ;  occa- 
sionally fibres  present  longitudinal  striation,  fissuring,  or  vacuolation ; 
but  in  other  cases,  or  in  some  muscles  (especially  in  the  "juvenile** 
form),  a  remarkable  increase  has  been  found  in  the  size  of  fibres  in 
excised  fragments,*  even  of  muscles  that  are  below  the  normal  size. 
It  seems  to  show  definite  pathological  enlargement. 

The  statements  made  regarding  the  spinal  cord  in  the  pseudo- 
hypertrophic form  are  strictly  applicable  also  to  this,  variety.  It  is 
normal  as  a  rule,  to  which  exceptions  are  so  rare  that  they  can  have 
no  relation  to  the  malady,  save  that  of  secondary  indirect  consequences. 
The  nerves  also  are  normal,  if  the  cases  are  eliminated  in  which  the 
symptoms  indicate  the  peroneal  form. 

Thus  the  facts  ascertained  regarding  this  type  do  not  suggest  any 
special  addition  to  the  general  conclusions  intimated  in  the  introduc- 
tory paragraphs.  The  affection  appears  to  be  the  result  of  a  primaxy 
developmental  tendency,  involving  the  muscular  tissue  only,  and 
cannot  be  regarded  as  a  secondary  result  of  the  interstitial  changes, 
except  in  a  trifling,  occasional,  and  unimportant  degree.  Still  less  is 
it  a  consequence  of  changes  in  the  spinal  cord.  If  it  is  in  any  measure 
the  result  of  failure  in  the  nutrition  of  the  terminal  structiues  of  the 
nerve-fibres  (by  which  the  nervous  and  muscular  tissues  are  connected, 
and  which  is  perhaps  to  be  regarded  as  intermediate  between  the  two), 
the  fact  has  yet  to  be  demonstrated,  and  its  significance  ascertained. 

Diagnosis. — The  two  most  important  diagnostic  indications  are  the 
affection  of  more  than  one  member  of  the  same  family,  and  the  onset 
of  the  disease  before  adult  life  is  reached.  The  former  is  practically 
conclusive ;  and  the  latter  should  always  suggest  the  probable  idiopathic 
nature  of  the  case.  In  isolated  cases  the  diagnostic  difficulty  is  much 
greater,  and  no  indication  is  actually  conclusive,  except,  perhaps,  the 
affection  of  the  face.  Commencement  during  childhood  is  also  of  great 
weight.  It  is  most  unlikely  that  progressive  muscular  atrophy, 
begiuning  under  ten,  is  of  spinal  origin,  but  I  have  known  such 
atrophy,  certainly  spinal,  to  commence  at  the  age  of  fourteen.t  The 
peculiar  affection  of  the  .zygomatic  muscles  is  very  characteristic,  but 
we  cannot  yet  say  that  it  is  pathognomonic  (see  note  on  p.  587),  and 
the  affection  of  the  lips  must  be  carefully  distinguished  from  that  due 
to  the  bulbar  palsy  so  commonly  associated  with  spinal  atrophy.    Of 

*  See  eBpeeiallj  Soholze,  '  Ueber  deii  mit  Hypeitfophle  Ttrbiindeiisn  ICoikeU 
iehwanil.'  Wltsbttden,  1886,  and  Hitsig,  loe.  eik 
t  See,  bowercr,  p.  597. 
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the  difltiibutioii  of  fhe  wasting,  that  of  the  latuismiuii  find  lower  half  at 
the  peotoraliflp  and  the  escape  of  the  hand  muscles  are  the  most  im* 
portant  characteristics,  although  thej  are  not  bj  themselyes  con- 
diisive,  since  thej  are  sometimes  met  witJi  in  spinal  atrophj. 

But  the  most  important  distinctions  between  spinal  and  idiopathic 
atrophj,  whenever  thej  are  available,  depend  upon  the  sjmptoms  of' 
a  lesion  of  the  cord,  or  of  the  bulbar  nuclei.  Especiallj  significant 
is  the  excess  of  the  knee-jerk  which  results  from  lateral  sclerosis,  a 
conclusiye  indication  of  spinal  disease,  rendering  the  spinal  origin  of 
the  atrophj  all  but  certain.  The  distinction  from  the  pseudo-hjper- 
trophic  form  has  been  aJread j  considered ;  that  from  the  peroneal  tjpe 
will  be  presentlj  mentioned. 

Pboonosis. — The  extreme  yariations  in  the  course  of  the  disease 
render  the  prognosis  in  anj  indiyidual  case  both  uncertain  and  difficult 
to  formulate.  .  Speaking  generallj,  chronicitj  &yours  arrest,  and  the 
later  the  sjmptoms  appear  the  slower  will  be  their  progress.  The 
prognosis  is  distinctlj  less  graye  in  the  simple  atrophj  than  in  the 
"  juyenile  "  atrophic  yanetj  of  the  pseudo-hjpertrophic  disease,  and  in 
a  considerable  nimiber  of  cases,  perhaps  one  half,  the  maladj  has  not 
appeared  to  shorten  life.  Eyen  in  cases  that  begin  during  jouth  it  is 
theref cne  possible  that  the  patient  maj  reach  old  age.  It  seems  also 
to  be  better  in  the  cases  that  do  not  inyolye  the  facial  muscles. 

TnmLTMBKT. — ^It  is  not  jet  clear  that  idiopathic  muscular  atiophj 
can  be  influenced  hj  treatment  in  anj  considerable  degree.  Hort 
published  records  of  cases  are  almost  silent  on  the  subject,  and  the 
disease  is  so  rare  that  few  individuals  have  an  opportunily  of  forming 
an  opinion.  It  might  be  assumed  that  the  essential  cause  of  the 
disease,  a  congenital  tendencj,  withdraws  it  from  the  range  of  them- 
peutics,  but  the  course  of  the  maladj  is  yerj  different  from  that  of 
some  other  diseases  which  own  a  similar  cause.  The  extreme  yariatioos 
in  the  date  of  onset,  the  fact  that  the  disease  maj  not  be  manifested 
until  late  in  life,  and  the  long  period  that  may  interyene  between  its 
onset  and  extension,  all  suggest  that  other  influences  co-operate  with 
the  congenital  tendencj  in  determining  the  development  of  the  maladj. 
It  is  quite  possible,  therefore,  that  the  first  inference  from  the  histozj 
of  the  disease  maj  not  be  altogether  correct,  although  it  must  be 
admitted  that  we  have  not  as  jet  anj  evidence  that  the  disease  is 
susceptible  of  influence  from  drugs.  Electrical  treatment  and  mass- 
age have  been  thought  to  do  good  and  even  to  produce  arrest  (Erb), 
but  the  variable  tendencj  of  the  maladj  renders  the  evidence  of  arrest 
insufficient.  If  voluntarj  exercise  is  practicable,  this  is  a  far  more 
efficient  stimulus  to  muscular  growth  than  anj  electrical  application, 
and  it  is  probable  that  such  exercise,  carefuUj  persevered  in,  maj  do 
something  to  prevent  the  occurrence  of  the  maladj  in  those  pre> 
disposed  to  it,  and  even  to  retard  its  progress  in  those  who  are 
aJreadj  attacked.  In  this  connection  it  is  noteworthj  that  very  few 
of  the  sufEerers  have  been  engaged  in  occupations  that  involve  aotivs 
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nrasenlar  ezertion.  Orer-exertioii  should,  howeyer,  be  carefullj 
aroidecL  The  general  health  should  be  attended  to,  and  any  defect 
xemoTed  as  speedily  as  possible,  both  in  those  who  sufEer  and  in  those 
who  aie  related  to  sufferers,  siuoe,  as  we  haye  seen,  depressing 
influences  maj  apparentlj  excite  the  development  of  the  disease,  and 
it  is  therefore  reasonaUe  to  suppose  that  thej  maj  accelerate  its 
oaixr8e»  and  lessen  anj  tendency  there  may  be  for  the  morbid  process 
to  become  stationaxy. 


Thb  FftBOHiAZi  Ttps  ov  Faxilt  Amtotbopht. 
{NmifUie  Muscfdar  Atrophy.) 

The  name  ''peroneal  type"  has  become  current  as  the  most  con- 
Tenient  designation  for  the  varietj  of  muscular  atrophy,  occurring  in 
early  life,  to  which  it  was  applied  by  Dr.  Howard  Tooth  in  a  Thesis 
published  in  1886.*  This  was  the  means  of  calling  general  attention 
to  the  form,  of  which,  howeyer,  an  account  had  been  published 
shortly  before  by  Charcot  and  Marie,t  and  many  cases  had  been  pre- 
yiously  described,  in  most  instances  without  recognition  of  their  special 
character^  The  cases  of  this  form  present  certain  resemblances  to 
the  idiopathic  atrophies  just  described — resemblances  sufficiently 
important  to  haye  led  to  the  description  of  these  cases  in  association 
wi^  the  primary  myopathies,  embracing,  as  they  do,  the  age  of  the 
sufferers,  the  occurrence  of  the  disease  in  members  of  the  same  family, 
its  gradual  onset,  and  its  yery  slow  but  progressiye  course.  Yet  this 
position  must  be  regarded  as  proyisional  only,  and  probably  erroneous. 
The  distribution  of  the  wasting  inyolyes  a  constant  difference  from 
the  idiopathic  muscular  affections,  and  some  of  the  cases,  otherwise 
inseparable  from  the  rest,  present  features  that  indicate  neuritis.  The 
condition  may  haye,  as  an  antecedent,  an  acute  specific  disease — ^a  circum- 
stance that  has  the  same  significance.  The  facts  ascertained  con- 
cerning this  form  must»  therefore,  be  carefully  excluded  from  our 
generalisation  r^arding  idiopathic  atrophy. 

In  this  disease,  males  suffer  about  twice  as  frequently  as  females. 
It  generally  begins  in  the  second  half  of  childhood,  and  yery  seldom 
after  t?renty,  although  oases  haye  been  described  beginning  as  late 
as  forty.  It  is  occasionally  hereditary,  and  still  more  frequently 
collaterals  suffer,  seyeral  brothers  and  sisters  being  affected.  The 
wastmg  is  first  apparent  in  the  extensor  longus  hallucis,  or  extensor 
oommunis  digitorum,  or  in  the  peronei  muscles.  According  to  Tooth 
it  yery  often  begins  in  the  latter,  and  occasionally  m  the  gastrocnendus, 
but  it  is  probable  that  it  occurs  simultaneously  or  eyen  earlier  in  the 

•  'The  Peroneal  Tjpe  of  ProgreuiTe  Masenlar  Atrophy/  London,  Lewie,  1886. 
t  'Beme  de  MM.,'  1888,  p.  97. 

t  Bj  Friedreioh,  Btchhont»  Oppenheimer,  Ortnerod,  and  othen.  ▲  UUe  of 
thirtj  oolleeted  cteee  (lome  doahtfnl)  ii  given  by  Tooth. 

YOU  L  88 
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small  muscles  of  the  foot,  where  it  readilj  escapes  obseiratioxL  Sudi 
early  atrophy  in  the  feet  has,  indeed,  been  actually  found  in  some  cases 
that  came  under  observation  at  an  early  stage.*  The  calf  muscles 
suffer  subsequently,  and  still  later  those  of  the  thigh,  especially  the 
vastus  intemus.  The  unequal  affection  of  the  muscles  of  the  leg 
causes  the  early  development  of  dub-f  oot,  which,  especially  in  chUdren, 
becomes  a  duuracteristic  symptonuf  The  arms  are  only  invaded,  in 
most  cases,  some  years  after  the  legs,  so  slow  is  the  course  of  the 
disease.  The  intrinsic  musdes  of  the  hands  (thenar,  hypothenar, 
and  interosseal  muscles)  are  first  attacked,  and  subsequently  those  of 
the  forearm :  sometimes  the  extensors  and  sometimes  the  flexors  suffer 
first  and  most ;  while  the  supinator  longus  remains  normal,  and  so  do 
the  musdes  of  the  shoulder,  neck,  and  back.  The  affection,  however, 
does  not  necessarily  commence  in  the  lower  limbs,  and  the  face  may 
be  affected  (Hoffmann).  The  atrophy  is  often  symmetrical,  but  occa- 
sionally the  muscles  on  one  side  waste  first  and  most.  The  claw-like 
deformity  of  the  fingers  may  result  from  the  affection  of  the  intrinsic 
musdes  of  the  hand.  This  is  so  rare  in  early  life  from  any  other 
cause  that  its  significance  is  considerable,  and  almost  distinctive  when 
combined  with  the  deformity  of  the  feet  just  mentioned.  The 
shown  in  Fig.  173  was  probably  an  example  of  this  tYpe4 


Vi0. 178.— Advanced  mnsoiilar  atrophy,  probablj  of  the  ''peroneal  type." 
(Drawn  by  Dr.  Spencer,  firom  a  photograph.) 

The  affected  muscles  (especially  in  the  hand)  occasionally  present 
slight  fibrillation.    Their  dectric  irritability  is  diminished  sooner,  and 

•  Hoffmann,  'Aic\u  f.  Piycb.,'  xz,  p.  660i  JoSroy. '  Gai.  Hebd^'  1886,  Ko.  18l 

t  See  Sachs, '  Brain/  Winter  part,  1889. 

X  It  was  given  in  the  first  edition  as  an  example  of  simple  atrophy.  The  patient 
waa  a  man  aged  twenty-seven  at  the  time  of  his  death  (in  University  College 
Hospital).  Ko  history  of  any  analogons  ease  in  his  family  could  he  ascertained. 
Tlie  affection  hegan  at  the  age  of  fourteen,  when  his  feet  hegan  to  turn  in  so  that 
he  walked  on  the  outer  side  of  the  foot,  and  soon  he  noticed  gradnal  wasting  of 
the  legs,  which  slowly  progressed,  and  ahont  the  age  of  twenty-four  the  aims  also 
hegan  to  suffer.  When  first  seen,  a  few  months  hefore  his  death,  the  mnsealar 
atrophy  was  nniTorsal,  and  the  suhcntaneons  fat  had  also  disappeared.  ETen  the 
hands  were  greatly  wasted;  there  was  a  hollow  in  the  position  of  the  thenar 
eminence,  just  as  in  progressiTe  muscular  atrophy,  and  the  interosseal  mnaeles  wars 
also  greatly  wasted.  There  was  slight  flhrillation.  The  tntereostals  were  paralysed. 
The  wasting  of  the  legs  was  extreme ;  the  maximum  circumference  of  the  ealf  was 
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in  greater  degree,  than  in  the  ordinary  idiopathic  atrophj,whiIe  a  stil] 
greater  difference  is  presented  by  the  fact  that  f  aradic  irritability  may 
early  become  extinct,  and  that  there  may  be  a  distinct  reaction  of 
degeneration.  In  connection  with  this  should  be  noted  the  important 
fact  that  cutaneons  sensibility,  though  often  normal,  is  sometimes 
impaired  or  lost,  especially  oyer  the  region  in  which  the  atrophy  is 
greatest,  or  upon  the  soles  of  the  feet.  Pains  occur  in  some  cases, 
and  so  also  do  spontaneous  spasmodic  contractions,  especially  in  the 
muscles  of  the  thigh.  The  muscle-reflex  action  is  lessened  or  lost  in 
the  affected  regions,  but  there  may  be  extensive  atrophy  below  the 
knees,  without  loss  of  the  knee-jerk,  if  the  thigh  muscles  are  pre- 
served. Cutaneous  reflex  action  presents  considerable  variations,  and 
is  preserved  more  often  thitn  would  be  expected.  Yaso-motor  dis- 
turbance sometimes  occurs  (Sachs). 

The  nature  of  these  cases  has  still  to  be  demonstrated.  Their  very 
slow  course,  the  time  of  life  at  which  they  begin,  and  the  affection  of 
several  members  of  the  same  family,  are  features  analogous  to  the 
idiopathic  atrophy ;  but  a  marked  contrast  to  this  is  presented  by  the 
tendency  of  the  malady  to  succeed  an  acute  specific  disease,  meades, 
and  this  also  may  appear  as  a  family  tendency.  This  feature  re- 
sembles the  causation  of  multiple  neuritis,  and  tiie  electrical  reaction 
of  degeneration  is  conclusive  proof  of  preponderant  changes  in  the 
motor  nerves,  while  ansBsthesia  demonstrates  that,  in  some  cases,  the 
sensory  fibres  are  also  affected.  In  such  cases  a  peripheral  neoritis, 
motor  or  total,  of  extremely  chronic  course  and  peculiar  origin,  must 
be  recognised  as  the  only  possible  lesion,  and  it  was  actually  found, 
in  one  case  by  Friedreich,  and  in  another  by  (Jombault.  Dubreiulh* 
also,  in  a  case  which  he  examined,  found  that  there  were  inflammatoxy 
changes  in  the  nerves,  the  spinal  cord  being  normal  If  this  is 
the  cause  of  the  symptoms  in  some  instances,  the  question  arises 
whether  it  is  not  the  lesion  in  all  the  cases  of  this  peroneal  type. 
Such  a  lesion  is  conceivable;  the  d^enerative  form  of  neuritis 
presents  every  degree  of  chroniciiy,  and  may  be  limited  to  the  motor 
fibres  and  to  certain  muscles.  This  pathology  was  advocated  as  the 
probable  one  by  Tooth,  who  pointed  out  that  it  would  also  enable  ns 
to  understand  the  occurrence  of  fibrillation,  which  is  extremely  rare 
in  the  idiopathic  atrophies.  It  is,  indeed,  asserted  by  Hoffmann  that 
not  only  are  the  peripheral  nerve-fibres  the  seat  of  a  primary  degene- 
ration, but  that  this  change  ascends  the  nerves  to  Ihe  anterior  and 
posterior  roots,  and  involves,  in  a  secondary  manner,  the  elements  of 

only  seven  inehef;  the  feet  were  everted,  the  lole  hollowed,  end  the  toee  flexed. 
The  petient  died  from  dUrrhoBa.  The  moiolef  were  fooud  to  be  small  and  pale. 
The  chief  microseopical  ehange  wae  intense  granular  and  fattj  degeneration  of  the 
fibree.  ▲  very  few  normal  fibres  were  seen  in  tome  mnscles.  There  was  no  increase 
of  interstitial  tissue.  Microscopical  examination  revealed  no  morbid  changes  in  the 
spinal  cord.  The  nerves,  unfortonatelj,  were  not  examined. 
•  *  Rer.  de  M^ii.,'  1890i  'Nenr.  Cent.,*  1891. 
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the  spinal  cord,  especiallj  the  fibres  of  the  posterior  median  oohmmi 
(which  continue  the  path  from  the  muscles)  and  the  motor  ceUs  of 
the  anterior  cornua.  But  we  do  not  know  how  far  the  prematura 
failure  of  nutrition  is  a  secondary  process,  transmitted  from  below» 
or  how  far  it  is  the  result  of  a  defect  in  yital  energy,  shared  bj  the 
central  as  well  as  the  pei'ipheral  nerve-elements. 

The  intimate  relation  between  the  motor  nerves  and  the  moseolar 
fibres  should  also  be  kept  in  view  in  this  connection.  There  may 
be  a  morbid  tendency  in  the  nerves  similar  to  that  of  the  muscles* 
including  a  liability  to  early  slow  degeneration,  analogous  io  that 
which  the  muscles  present,  and  eq\ially  prone  to  occur  in  several 
members  of  a  family.  3ut  it  is  desirable  that  the  neuritic  nature 
of  the  affection  shoula  oe  placed  on  a  broader  basis  of  ascertained 
fact  before  it  i&  ^owed  expression  in  the  name  given  to  the  disease. 

It  should  also  be  remembered  as  possible  that  the  atrophy  may  be 
idiopathic  in  some  cases,  while  in  others  it  may  be  seoondaij  to  such  a 
neuritis  as  above  mentioned.  There  is  nothing  difficult,  or  even 
anomalous,  in  the  conception  of  a  congenital  tendency  to  premature 
failure  of  nutrition  in  the  peripheral  nerve*fibres,  like  that  which,  in 
the  posterior  column  and  other  fibres,  seems  to  underlie  "hereditary 
ataxy,"  or  which,  on  the  other  hand,  in  the  muscles  is  the  apparent 
cause  of  idiopathic  atrophy.  Further,  if  the  lesion  is  really  neuritic,  we 
can  understand  that  an  acute  specific  disease  like  measles  should  ooca* 
■ionally  be  its  excitant,  although  its  occurrence  in  families  shows  that 
A  congenital  tendency  must  be  called  into  activity  by  the  virus,  and  tfaa 
cases  must  be  distinguished  from  those  in  which  a  pure  neuritia  is  i]&- 
duced  by  the  influence  of  the  poison  of  the  specific  disease.  An  acuta 
specific  disease,  the  virus  of  which  is  known  to  be  capable  of  inducing 
the  degeneration  of  '*  parenchymatous  "  neuritis,  may  readily  excite  this 
state  in  each  of  several  members  of  the  same  family  if  a  congenital 
tendency  to  it  exists  in  them.  It  may  readily  evoke  that  vrhioh  it 
could,  even  alone,  produce.  According  to  this  theory,  a  tendency  to 
nerve  degeneration,  acting  alone,  may  lead  to  the  early  failure  of 
nutrition  of  the  nerves,  while  the  wasting  of  the  muscular  fibres 
may  be  either  a  consequence  or  a  concomitant,  in  part  or  altogether. 
Thus  the  muscles  may  atrophy  because  the  nerves  have  degenerated, 
or  because  they  also  have  a  tendency  to  atrophy,  or  from  both  causes 
combined.  Nerve  and  muscle  may  alike  share  the  congenital  imper- 
fection in  some  cases,  while  in  others  its  primary  incidence  is  on  the 
nerves  alone,  the  muscles  suffering  in  consequence  of  the  changes  in 
the  nerves.  The  congenital  association  may  sometimes  be  even  more 
extensive,  and  a  tendency  to  the  early  failure  of  structures  in  the 
central  nervous  system  may  be  conjoined,  giving  rise  to  cases  of  com- 
plex aspec^  and  character. 

It  is  especially  important  to  note^  in  this  connection,  the  oceorranos 
of  cases  that  occupy  an  intermediate  position,  and  combine  the 
characters  of  this  and  the  myopathic  types.    Such  combined  cases  aie 
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««ubI1j  partial  onlj,  but  such  partial  caBes,  when  oombined.  altimatel^ 
cover  the  whole  intermediate  ground.  For  instance,  the  condition  oi 
the  legs  in  the  **  peroneal  tjpe  *'  has  co-existed  with  that  of  the  arms 
in  the  "juvenile  form"  in  several  recorded  cases.* 

Thus  the  possibility  must  be  recognised  that  the  cases  of  this  type 
vary,  even  more  than  their  characters  suggest,  in  the  degree  in  which 
the  morbid  tendency  acts  upon  nerve  or  muscle,  or  both,  as  well  as 
the  degree  in  which  its  activity  is  spontaneous  or  induced.  Hence  the 
cases  may  here  be  only  partly  out  of  place — some,  perhaps,  not  at  all ; 
and  their  position,  as  forms  of  **  neuritis,"  might  be  equally  open  to 
exception. 

The  progressive  character  of  the  cases  of  this  type  is  commonly  pro- 
nounced ;  and«  even  if  slow,  it  renders  the  prognosis  gloomy,  and  the 
scope  for  treatment  small.  So  far  as  anything  can  be  done,  it  is  by  the 
measures  already  mentioned  in  the  account  of  the  treatment  of  the 
maladies  to  which  the  cases  approximate,  the  primary  diseases  of  the 
nerves  on  the  one  hand,  and  of  the  muscles  on  the  other. 


Fahilt  Fosx  or  MusomiAB  Atbopht  zv  Childbbv  with  Spikal 

Lbsion. 

The  above  seems  to  be  the  most  suitable  title  for  a  series  of  caseb 
described  in  recent  years  by  Werdnig  f  and  Hoffmann  {  in  Germany, 
and  Bruce  and  John  Thomson  §  in  this  country.  The  condition  h 
marked  by  the  occurrence  of  similar  atrophy  in  more  than  one 
member  of  the  family,  although  in  Bruce  and  Thomson's  case  the 
condition  was  an  isolated  one.  It  is  characterised  by  the  onset  of 
weakness,  especially  in  the  hip  and  back  muscles,  about  the  age  of 
from  seven  to  twelve  months,  in  children  previously  healthy.  The 
weakness  gradually  impairs  and  finally  abolishes  the  power  of  walking, 
and  similar  weakness  usually  attacks  the  upper  limbs  as  well  as  the 
legs,  and  even  the  small  muscles  of  the  hand  may  be  affected.  The 
condition  is  one  of  marked  atrophy  without  sensory  impairment, 
although  in  one  case  there  was  a  curious  insensibility  to  the  pains  of 
faradic  stimulation  of  the  affected  muscles.  In  many  of  the  muscles 
the  reaction  of  degeneration  may  be  present,  and  occasionally  bulbar 
symptoms  are  superadded.  The  condition  culminates  in  one  of 
extreme  helplessness,  with  marked  wasting  of  muscles  without  any 
fibrillary  twitching,  although  death  did  not  take  place  in  some  cases 
until  the  age  of  six  was  attained.  No  hypertrophy  has  been  noted  in 
any  case. 

*  E.y,  by  Hoffmann,  '  Berlin,  kiln.  WochsniohrV  1887«  No.  22;  and  Eisenlohr, 
•Near.  Centralbl.,'  1889,  p.  666. 
t  'Arch.  f.  Payeh  ,'  1891  and  1894. 
I  •  DeoUch.  ZUeb.  ffir  NHnrenhdilk./  1898  and  1897. 
{  «Edin.  Hoap.  Beporta,'  1893. 
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The  oonditionB  found  after  death  were  marked  atrophj  of  mtuealar 
fibres,  although  occasionallj  some  fibres  were  hjpertrophied.  Atrophy 
also  of  nerves  and  anterior  roots  was  found,  and  wasting  of  the  cellB  in 
the  anterior  horns.  The  latter  was  distinct,  and  this,  with  the  absence 
of  anj  hypertrophy  at  any  time  (although  one  child  had  been  noted  as 
Tery  fat  which  afterwards  became  much  wasted),  marks  off  the  cases 
distinctly  from  those  of  pure  muscular  dystrophy.  The  type  possibly, 
like  the  peroneal,  forms  a  connecting  link  between  cases  of  spinal  pro- 
gressive muscular  atrophy  and  those  of  true  myopathy  without  any 
spinal  lesion.  The  presence  of  definite  changes  in  the  cells  of  the 
anterior  horn  and  the  anterior  nerve-roots  connects  the  cases  with 
the  former,  while  a  connection  with  the  latter  is  formed  by  the  simple 
wasting  with  occasional  hypertrophy  of  isolated  muscular  fibres,  and 
by  the  occurrence  of  the  disease  in  more  than  one  member  of  a  family. 

Diagnosis. — ^The  age  at  which  the  disease  occurs,  the  absence  of 
fibrillary  twitching,  and  the  early  suppression  of  the  reflexes,  as  well 
as  the  frequent  occurrence  of  more  than  one  case  in  the  same  family, 
will  sufficiently  distinguish  these  cases  from  ordinary  progressive 
muscular  atrophy.  On  the  other  hand,  the  absence  of  any  hyper- 
trophy, the  affection  of  the  small  muscles  of  the  hand,  and  the 
occasional  presence  of  bulbar  symptoms  will  mark  them  off  from 
cases  of  true  muscular  dystrophy.  In  every  case  which  comes  under 
notice  hypertrophy  in  some  muscles,  especially  the  inf  raspinati,  should 
be  carefully  looked  for,  as  it  may  turn  out  that  the  cases  are  mors 
closely  connected  with  myopathic  cases  than  is  as  yet  apparent  from 
the  evidence. 

Prognosis. — ^This  seems  to  be  extremely  bad ;  the  cases  go  on  from 
bad  to  worse,  the  weakness  becomes  greater,  the  atrophy  more  pro- 
nounced, until  death  occurs.  But,  as  has  been  stated  above,  this  has 
not  unf  requently  been  delayed  as  late  as  the  sixth  year. 

Tbeatment. — The  nature  of  such  cases,  indicating  as  they  do  an 
inherited  tendency  to  early  death  in  the  muscular  fibres  and  their 
correlated  nervous  structures,  precludes  the  hope  of  successful  treat- 
ment. The  administration  of  strychnia  hypodermically  is  indicated, 
although  the  age  of  the  patient  renders  extreme  care  necessary  in  the 
choice  of  doses.  It  is  also  possible  that  galvanism,  combined  with 
massage  and  passive  exercise,  might  have  a  beneficial  effect.  And,  of 
course,  care  must  be  taken  to  ensure  wholesome  and  judicious  feeding 
and  satisfactory  hygienic  conditions. 


PxBioDio  Fjlxilt  Pabaltsh. 

Under  this  name  Goldflam  *  has  described  a  condition  of  which 
raamples  had. been  previously  published  by  Westphal,  Cousot^  and 
Schachnowitsdi.  It  is  characterised  by  recurrent  paralysis  commencing 

•  Berlin  Congress,  1800;  'Near.  Cent.,*  1890,  p.  68a 
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luraally  in  the  legs,  involying  also  the  arma^  and  passing  off  in  the 
reTerse  order  after  a  period  varying  from  twentj.-f our  honrs  to  three 
days.  Daring  the  attack  of  paralysis  the  patient  is  sleepy,  but  there 
is  no  impairment  of  consciousness,  sensibility  is  retained,  and  the 
paralysis  is  flaccid,  with  diminished  knee-jerks  and  loss  of  plantar 
reflexes.  Speech  and  swallowing  are  not  interfered  with.  In  Gold- 
flam's  case  there  was  great  diminution  of  faradic  irritability  in  the 
upper  limbs,  and  complete  loss  in  the  lower  limbs.  After  the  attack 
had  passed  off  the  nerves  in  both  arms  and  legs  reacted  normally. 
Eleven  members  of  the  family  suffered  from  similar  attacks  of 
paralysis.  They  began  between  fifteen  and  twenty,  and  increased  in 
number  as  age  advanced,  although  the  individual  attacks  did  not  last 
so  long.  In  the  patient  whose  case  is  particularly  described  there  were 
only  two  attacks  in  the  first  year,  but  after  three  years  they  occurred 
every  fortnight. 

The  condition  as  regards  etiology  is  obscure.  Gh>ldflam's  opinion  it 
that  it  is  the  result  of  auto-intoxication — a  view  which  is  favoured  by 
the  fact  that  in  his  patient  obstinate  constipation  persisted  during 
each  attack  of  paralysis. 

Apparently  t  he  disease  does  not  in  any  way  tend  to  shorten  life^  but 
treatment  is  of  little  if  any  effect. 

MuscxruLB  Htpxbtbofht. 

The  occurrence  of  a  true  hypertrophy  of  muscles,  as  a  condition  of 
disease,  is  exceedingly  rare.  In  most  cases  in  which  the  muscles  are 
enlarged,  the  increase  in  size  is  due  to  a  growth  of  interstitial  tissue^ 
fatty  or  fibrous,  such  as  has  been  described  in  the  chapter  on  pseudo- 
hypertrophic paralysis.  We  have  seen  that  muscular  fibres  larger 
than  normal  have  been  described  in  that  disease,  and  also  in  some 
cases  of  simple  atrophy.  When  this  increase  in  size  has  been  met 
with  only  in  excised  fragments,  it  is  possible  that  the  condition  may 
have  been  due  to  a  vital  contraction  excited  by  the  process  of  excision^ 
and  such  evidence  of  hypertrophy  is  certainly  inadequate  ;*  only  when 

*  Since  the  above  was  written,  the  doubt  there  ez pressed  has  been  confirmed  by 
an  observation  made  for  me  by  Dr.  H.  B.  Spencer.  A  fragment  of  the  gastrocnemi'ui 
of  an  ampntated  leg  was  excised  immediately  after  the  amputation,  and  the  fibres 
were  compared  with  those  of  the  mnecle  twenty-one  hours  later.  In  order  to 
ascertain  more  definitely  whether  a  vital  contraction  persisted  as  an  apparent 
increase  in  size,  h  part  of  the  ezcised  fragment  was  separated  and  faradised.  The 
average  size  of  the  fibres  in  the  muscle  was  y^  inch,  in  the  fragment  excised 
^^  inch,  in  the  fragment  faradised  -^  inch.  Since  the  diTision  of  the  nenre 
daring  the  amputation  may  have  caused  some  contraction,  it  b  possible  that  the 
difference  in  size  produced  by  excision  may  be  even  greater  than  these  figures 
represent.  [I  leave  the  above  note  unchanged  because,  since  it  appeared  in  the  first 
edition,  the  observation  and  doubt  have  been  fully  confirmed  by  various  observera, 
e.^.  by  Oppenheim  and  Siemerling,  'lied.  Centralbl.,'  1889,  No.  30.]  It  ii  inte- 
resting, however,  to  note  that  enlarged  muscular  fibres  have  been  found  in  the 
atrophied  mnseles  in  infantile  pnralysis. 
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it  is  found  after  death  can  its  oocnrrence  be  regarded  as  beyond  qiies* 
tion.  Neyertheless-true  hypertrophy  of  fibres  is  a  change  that  may 
be  expected  to  be  occasionally  met  with  in  cases  that  are  due  to  a  con- 
genital tendency,  and  its  presence,  even  in  muscles  that  are  the  seat 
of  atrophy,  need,  therefore,  excite  no  surprise.  It  was  met  with  by 
Bruck  in  a  remarkable  case  of  general  muscular  enlargement  in  an 
idiotic  child,  in  whom  it  apparently  deyeloped  after  birth.  The  affec- 
tion first  showed  itself  in  the  tongue,  but  the  muscles  presented 
spasmodic  contractions,  and  the  case,  like  most  of  the  kind,  was 
evidently  anomalous  in  its  features.  Muscular  hypertrophy  has  been 
found  in  the  singular  malady  described  in  the  next  section  (Thomsen's 
disease).  It  has  also  been  met  with,  in  very  rare  instances,  as  a 
wide-spread  or  partial  condition,  usually  associated,  strange  to  say,  with 
either  diminished  power  or  with  a  morbid  readiness  of  fatigue.*  The 
muscles  most  frequently  affected  haye  been  those  of  the  shoulder  and 
upper  arm,  or  of  the  thigh  and  calf,  on  one  side  or  on  both.  It  has 
also  been  observed  in  the  glutei,  spinal  muscles,  and  trapezii.  The 
causes  are  obscure,  but  it  has  been  ascribed  to  OTer-exertion.  The 
diameter  of  the  fibres  has  been  increased  to  double  the  normal,  a 
maximum  of  7^  inch  having  been  met  with  (Eulenberg),  whereas  the 
normal  maximum  may  be  taken  as  ^^  inch.  An  increase  of  the 
nuclei  has  been  observed,  without  any  overgrowth  of  the  interstitial 
tissue. 

The  condition  is  manifested  by  an  increase  in  the  size  of  the  musdes, 
which  are  also  firm.  The  circumference  of  the  limb  is  greater  than 
normal,  and  when  the  change  is  unilateral  the  difference  between  the 
limbs  of  the  two  sides  may  be  very  striking.  The  maximum  circumfer- 
ence of  the  calf  has  been  as  much  as  seventeen  inches.  The  muscles 
are  soon  exhausted,  and  have  been  weak  in  some  cases,  while  in  others 
there  has  been  abnormal  strength  for  brief  exertion.  The  electrical, 
mechanical,  and  myotatic  irritability  of  the  muscles  has  usually  been 
found  unaltered. 

The  disease  may  be  suspected  if  a  marked  increase  in  size  in  an  adult 
is  accompanied  by  impaired  power  of  sustained  exertion,  if  the  muscles 
are  firm,  and  the  patient  does  not  manifest  other  indications  of  pseudo- 
hypertrophic paralysis.  The  diagnosis  can,  however^  only  be  made 
with  certainty  by  the  microscopical  examination  of  an  excised  fragment^ 
and  even  then  subject  to  the  reservation  mentioned  on  the  previous 
page.  The  meagre  facts  regarding  the  course  of  the  disease  suggest 
that  it  usually  persists  without  getting  either  better  or  worse.  Treat- 
ment appears  to  have  but  little  influence  upon  it. 

A  smgular  case  has  been  reported  by  Eulenberg,t  which  differs  in 

•  Auerbach,  *  Virehow's  Archiv,'  Bd.  liii,  pp.  284  and  897 ;  Berger, '  Deal.  Archh 
f.  klin.  Med./  Bd.  ix,  1872,  p.  863 ;  Friedreich,  'Ueber  Prog.  Hnakelatrophie,  fte.,' 
1873;  Buleiiberg,  *Reul-Kncy(lop&die/  Bd.  ix,  p.  854*  A  T617  Mmilmr  earn  if 
described  by  Pal, '  Wien.  klia.  Woohenschr.,'  1889,  No.  la 

t  <  Dentich.  med.  Wochenschrift,'  1885,  Ko.  18. 
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many  paxtictdara  from  the  form  of  disease  aboTe  described,  and 
flloBt  rates  the  complex  relations  of  enlargement  of  the  mnscnlar  fibres 
and  its  connection  with  degenerative  processes.  A  man  aged  thirtj- 
siz  presented  an  enormous  enlargement  of  the  mnscles  of  the  1^ 
leg,  which  were  soft  and  flabbj  and  weak,  with  lowered  irritability. 
The  condition  had  slowlj  developed  after  a  fall  on  the  back  at  ten» 
which  caused  imperfect  paraplegia,  motor  and  sensoiy.  A  year  later, 
daring  plenrisj,  he  had  thrombosis  of  the  left  femoral  vein.  In  an^ 
excised  fragment  of  the  gastrocnemius  the  muscular  fibres  were  large, 
the  maximum  being  y}t  ^^  <ui  inch;  thej  presented  fatty  and 
vitreous  degeneration,  and  fat  was  seen  between  the  fasciculi.  The 
muscles  of  tiie  other  leg  were  somewhat  wasted,  but  the  fibres  were  also 
enlarged  and  degenerated.  It  would  appear  as  though  the  condition 
had  resulted  from  a  traumatic  lesion  of  the  spinal  cord,  and  had  been 
intensified  in  the  left  leg  by  the  influence  of  the  thrombosia  and 
vesnlting  vascular  disturbance. 


THOMSBN'S  DISEASE;    MYOTONIA  CONGENITA, 

The  malady  thus  designated  may  be  considered  here,  notwith- 
standing  the  obscurity  of  its  nature,  because  it  agrees  with  the 
diseases  last  described,  in  that  the  symptoms  are  muscular,  and  that 
the  disease  seems  often  congenital  and  occurs  in  families.  It  has 
been  named  after  the  physician  whose  description  gained  for  it  general 
notice,  and  who  is  himself  its  subject,  but  it  had  been  previously 
described  by  Leyden,  and  hinted  at,  long  ago,  by  Sir  Charles  Bell.* 
It  is  not  always  congenital,  and  ''Transient  Myotone"  would  be  a 
more  exact  name. 

The  disease  is  characterised  by  a  peculiar  rigidity  of  the  muscles, 
which  comes  on  when  they  are  first  put  in  action  after  a  period  of  rest. 
The  rigidity  is  transient,  and  when  it  has  passed  off,  it  does  not  return 

*  Bell's  'Nervom  Syitom,'  Case  184^  p.  4S6.  The  objeetioni  to  eognominal 
noineuclature  of  disease  are  certain  Iv  reduced  to  a  minimum  when  the  first  describer 
of  a  rare  disease  is  also  its  subject.  The  most  important  papers  on  the  disease  are 
those  of  Leyden, '  Klinik  der  Buckenmarkskr.,'  1874,  Bd.  i,  p.  128;  Thomsen/ Arcli. 
£.  Psychiatrie.'  Bd.  Ti,  1876,  p.  702,  also  *  Centralbl.  f.  Nervenkr.,'  1886,  p.  193; 
Bernhardt,  'Virchow'a  Archiy,'  Bd.  Ixxv,  1879,  p.  616,  and  •  Centralblatt  f. 
Kerrenkr.,'  1883,  p.  122;  Ballet  and  Marie,  'Arch,  de  Nenr.,'  1883,  No.  18; 
Hdbins,  *  Schmidt* s  Jahrb.,'  Bd.  cxcviii,  1883 ;  Ringer  and  Sainsbnry,  *  Lancet,' 
18S4,  pp.  767,  816,  and  860 ;  Erb,  •  Die  Tbomsen'sche  Erankheit,'  Leipzig,  1886, 
also  *Deat.  Archie  f.  klin.  Med.,'  1890,  xIt,  p.  529;  Seifert,  ib.,  xWii;  Marie,  in 
'  Eaoyel.  des  Sc.  MM.,'  1886 ;  Hale  White,  •  Brain,'  April,  1886,  and  '  Guy's  Hosp. 
Rf p.,'  vol.  zlvi  (a  rery  valuable  paper,  with  bibliography) ;  Jacobv,  Journ.  of 
Keur.  and  Ment.  Dis.,'  1887,  xiv,  p.  28 1  JoUy»  *  SAdweet.  Neurol^*  Baden,  June, 
1890;  Banard, '  Lancet,'  1887. 
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S8  long  as  exertion  is  continued.  The  maladj  is  often  hereditazj,  and 
usuallj  affects  seyeral  members  of  the  same  family.  In  that  of 
Thomsen,  cases  can  be  traced  through  five  generations.  It  appears 
to  be  more  common  in  Scandinavia  and  Germany  than  in  France 
or  England,  but  it  is  a  rare  disease;  *  and  although  a  considerable 
number  of  clinical  cases  have  now  been  recorded,  there  has  been  no 
post-mortem  examination.  There  is  little  to  attract  attention  in  the 
slighter  forms,  and  the  rarity  of  these  may  ultimately  be  found  to  be 
less  than  at  present  appears. 

Both  sexes  suffer.  In  most  cases  the  symptoms  haye  been  first 
noted  in  childhood,  between  four  and  ten  years  of  age,  sometimes 
even  in  the  cradle.  They  increase  during  the  period  of  muscular 
deyelopment,  and  then  remain  stationary.  A  few  patients  haye 
seemed  free  until  about  the  period  of  puberty,  but  eyen  in  such  in- 
stances it  is  probable  that  the  tendency  was  congenital  in  origin* 
since  the  cases  occurred  in  families,  other  members  of  which  suffered 
earlier.  But  in  a  few  cases  symptoms  apparently  identical  with  those 
of  the  congenital  disease  have  come  on  in  early  manhood  after  soma 
exciting  cause — in  one  case  a  lightning  stroke,  in  another  a  sudden 
alarm.f  Severe  and  prolonged  exertion  diiring  two  years  preceded 
the  onset  of  very  characteristic  symptoms  in  a  man  of  twenty-fiysb 
without  heredity.^  In  such  cases  the  disease  has  been  apparently 
acquired. 

The  characteristic  symptom  is  tonic  spasm  of  the  muscles  when 
they  are  put  in  action  after  a  period  of  rest.  As  soon  as  the  patient 
attempts  to  move,  the  muscles  become  rigid.  The  rigidity  may  make 
movement  impossible  while  it  lasts,  or  may  merely  lessen  the  possible 
range  of  movement.  After  a  few  minutes,  or  less,  the  spasm  passes 
away,  to  be  renewed,  but  in  slighter  degree,  by  a  fresh  attempt.  If 
the  movements  are  continued,  the  spasm  soon  becomes  trifling,  and 
does  not  return  until  after  a  period  of  rest.  The  longer  the  zesti 
the  more  troublesome  is  the  spasuL  The  subject  can  walk  for  hours 
without  fatigue  when  it  has  passed  off.  The  rigidity  is  sometimes 
lessened  by  alcohol  and  increased  by  attention  and  by  fear  of  it ;  the 
more  the  sufferer  tries  to  overcome  the  stiffness,  the  less  is  he  able  to 
do  80.  It  is  also  worse  in  cold  and  damp  weather.  In  a  severe  case,  a 
slight  impulse  will  make  the  person  fall,  and  it  may  then  be  impossible 
for  him  for  some  minutes  to  rise  from  the  groimd.  The  arms  are 
usually  less  affected  thai;  the  legs,  but  in  some  cases  the  rigidity  fixes 
the  fingers  for  a  short  time  on  an  attempt  to  use  the  hand.  The 
muscles  of  the  face  are  usually  free;  mastication  may,  however,  be 
interfered  with  by  the  spasm  in  the  muscles  of  the  jaw.      Barely,  the 

*  In  £iiglftiul  cases  haye  been  observed  by  Buzuu-d,  HencfaeU,  Hale  Whiti^ 
Benham,  Chapman,  and  others. 

t  En^el/ Phil.  Med.  Times/ 1883,  p.  412 1  ScbGnfeld,' Berlin.  med.WoohaischrV 
1883,  No.  27. 

t  Moyer. « Med.  News/  1890. 
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tongue  or  &ivs  has  been  affected ;  Btill  more  rarely  the  muscles  of  the 
ejebally  interf •<ving  with  its  movement  and  retarding  the  descent  of  the 
upper  lid.*  Most  Tohmtaiy  muscles,  indeed,  seem  liable  to  suffer, 
eyen  the  mursles  of  the  larynx  and  pharynx  ;  those  concerned  in  the 
processes  of  respiration,  def  secation,  micturition,  and  coitus  have  also 
been  inyoIv^Kl.  Sometimes  the  spasm  is  greater  on  one  side  of  the 
body  than  0*1  the  other. 

The  muoies  are  always  well  nourished ;  they  are  often,  indeed,  above 
the  normal  size,  and  possess  more  than  normal  strength,  but  they 
are  sometimes  less  strong  than  is  normal,  even  when  large.  Thomsen 
belieree  that  the  more  the  muscles  are  employed  the  less  severe  is 
the  spasm,  and  that  a  life  of  active  exertion  produces  some  per- 
manent amelioration  in  the  disease.  The  malady  is,  however,  a 
source  of  some  disability,  and  of  considerable  annoyance ;  in  the  words 
of  Thomsen,  "  it  casts  a  shadow  over  the  lives  of  the  sufferers,"  and 
may  have  caused  the  mental  irritability  and  hypochondriacal  tendency 
that  have  been  conspicuous  in  some  cases. 

Careful  investigations  of  the  muscular  phenomena  have  been  made 
by  several  observers,  and  that  by  Erb  is  especially  instructive.  In 
his  case  a  single  brief  effort  caused  tonic  contraction  which  lasted  for 
twenty-live  seconds.  Momentary  electrical  stimulation  of  the  nerves 
caused  only  a  momentary  contraction  of  the  muscles,  but  continued 
stimulation  always  causes  a  prolonged  contraction,  the  ''myotonic 
reaction"  of  Erb.  In  certain  muscles,  moreover,  an  uninterrupted 
current  caused  peculiar  wave-like  contractions,  about  one  per  second, 
passing  from  the  negative  to  the  positive  pole.f  Any  strong  stimu- 
lation of  the  muscle  itself  caused  a  prolonged  after-contraction.} 
The  irritability  of  the  nerves  is  generally  normal  in  degree ;  that  of 
the  muscles  is  normal  or  increased  to  voltaism.  In  some  cases  the 
anodal  closure  contraction  has  occurred  with  undue  readiness,  and  the 
"latent  interval"  after  stimulation  has  been  found  unchanged  (Hale 
White)  or  increased.§  The  muscles  are  remarkably  sensitive  to 
mechanical  stimulation,  and  firm  pressure  may  cause  a  tonic  contrac- 
tion lasting  from  twelve  to  twenty  seconds. 

In  all  undoubted  cases  of  this  disease  sensibility  has  been  intact, 
and  the  superficial  reflexes  have  been  unaltered.  Myotatic  irritability 
is  normal  or  increased. 

Once  developed,  the  condition  seems  to  persist,  with  little  change, 
through  life,  but  in  one  case,  a  female  (in  whose  family  were  other 
cases),  considerable  improvement  is  said  to  have  followed  marriage. || 

*  Rsivniond, '  Qaz.  Med.  de  Paris,'  Jane,  1891. 

t  Although  Erb,  Seifert,  and  others  have  noted  this,  some  obterren  (at  Hale 
White)  have  failed  to  obtain  the  phenomenon. 

{  Ji>lly  has  found  that  repeated  stiinuLitioni  bj  either  current,  withoat  too  long 
an  interval  between  the  successive  stimulations,  tend  to  render  the  after-contraction 
less  and  lets  evident,  until  it  ceates  to  occur  (*Nenr.  Centralbl.,'  1890,  p.  4S8). 

§  '026  or  *03  »ec.  instead  of  *01  (Bluminao,  *Near.  Gent,'  1888,  p.  679). 

II  Herschell, '  Lancet,'  Feb.  1, 1890. 
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In  some  instances  the  symptoms  are  slight,  and  remain  so,  eren  wk 
ihej  b^gin  in  early  life  and  occur  in  the  same  families  as  severe  ( 
Such  cases,  when  isolated,  may  readily  be  overlooked. 

Pathology. — An  examination  of  the  central  nervous  system  has 
jet  to  be  made,  but  it  is  unlikely  to  yield  results  of  novelty  or  im* 
portanoe.  The  state  of  the  muscular  fibres  has  been  ascertained  from 
excised  fragments — ^a  method  which,  however,  involves  the  fallat^, 
already  mentioned  (p.  599,  note),  of  possibly  stimulating  the  fibres  to 
contraction.  At  the  same  time  the  evidence  of  hypertrophy  appean 
conclusive.  Where  the  miuiTnum  width  was  the  same  as  in  health,  the 
maximum  diameter  was  double  the  normal  (Erb).  In  other  cases  the 
maximum  or  even  average  diameter  in  fragments  excised  under  chloro- 
form was  double  that  observed  after  death  in  unaffected  persons ;  and 
that  the  size  was  pathological  was  rendered  probable  by  the  aspect 
of  the  fibres,  which  presented  indistinct  striation,  fewer  ''sarooos 
elements,"  inegular,  non-parallel  edges,  and  sometimes  vacuolation. 
An  increase  of  the  nuclei  and  of  the  interstitial  connective  tissue  has 
been  found.* 

The  manifestation  of  the  disease  is  in  a  disorder  of  the  functions  of 
the  muscles,  and  most  writers  on  the  subject  have  followed  Leyden  in 
regarding  the  malady  as  essentially  muscular  in  nature,  as  consisting 
in  an  altered  functional  condition  of  the  muscular  tissue.  This 
opinion  is  strongly  supported  by  the  frequent  alteration  in  ddctricsl 
excitability  (which  can  hardly  be  otherwise  interpreted  than  as  an 
indication  of  a  change  in  the  mode  of  action  of  the  contractile  muscular 
protoplasm),  by  the  structural  changes,  and  also  by  the  interesting 
experiments  of  Ringer  and  Sainsbury,  who  found  that  certain  salts, 
such  as  sodium  phosphate,  are  capable  of  causing  in  the  frog  tonic 
spasm  bearing  considerable  resemblance  to  that  of  Thomseu's  dis> 
ease,  and  that  such  spasm  persists  not  only  after  the  nerve  has  been 
divided,  but  after  the  intra-muscular  nerve-endings  have  been  paralysed 
by  curara.  This  does  not  prove  that  Thomsen's  disease  is  muscular 
in  origin ;  it  is  a  proof  that  a  similar  state  may  be  due  to  the  mus- 
cular tissue,  but  no  proof  that  this  is  the  sole  element  in  Thomsen's 
disease.  We  must  remember  that  the  malady  has  apparently  resulted, 
in  rare  cases,  from  influences  acting  on  the  nervous  system  in  adult 
life,  and  also  that,  in  the  congenital  cases,  the  spasm  only  develops, 
as  a  rule,  after  some  years  of  normal  action.  It  may  Uius  be  an 
axM^uired  disease,  and  the  case  related  at  the  end  of  this  chapter 
shows  that  similar  spasm  may  be  due  to  a  primary  affection  of  the 
cord.  The  spasm  is  a  transient  consequence  of  rest.  But  ''rest"  is 
not  inactivity,  either  in  the  nerve-cells  or  muscles.  Muscular  "  tone" 
BJid  adaptation  to  posture  mean  an  unceasing  flow  of  nerve-foroe 
from  the  cells,  an  overflow  perhaps,  due  to  the  perpetual  elaboration 
of  energy  which  keeps  the  cells  ready  for  instant  response  to  the 

•  firb,  Seifort,  and  a1»o  Kearonow,  'St.  Pefcenborg  jwych.  Gesellsch.,'  1889 1  set 
'Kenr.  Cent.,'  1889,  p.  239.    Hale  White  found  uo  increase  ia  the  nadeu 
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Tohmtaiy  stuniihift.  The  tome  aetiTitj  tben  oeaaoi,  or  at  least  does 
not  interfere  with  the  different  action  excited  bj  the  wSL  But  the 
phenomena  of  Thomson's  disease  suggest  that  the  ceUs  respond 
abnormaQj  to  the  Tolnntarj  stimulus,  that  this  causes  at  first  an 
increased  tonic  actiyity,  slowlj  ceasing  as  their  energy  is  lessened  bj 
action.  Wide  as  is  the  difference  between  the  muscular  and  nervous 
tissues,  we  must  remember  that  thej  have  some  conditions  in  common. 
The  dependence  of  the  nutrition  of  the  muscles  on  that  of  the  motor 
nerre-fibres  and  cells  is  a  very  remarkable  fact,  and  so  also  is  the  in* 
fluence  of  the  functional  activity  of  the  cells  and  fibres  in  causing  a 
similar  condition  in  the  muscular  tissue.  To  say  that  the  two  struc- 
tures are  connected  is  hardly  an  explanation  of  the  fact.  Whatever  is 
the  nature  of  the  relation  between  them,  it  is  at  least  conceivable  that 
an  abnormal  functional  state,  congenital  in  origin,  may  be  common  to 
the  two,  and  that  the  peculiar  over-action  in  the  muscles  may  be 
accompanied  by  a  similar  over-action  in  the  ganglion-cells  of  the 
spinal  cord,  and  even  in  the  pyramidal  cells  of  the  cerebral  cortex. 
It  is  even  conceivable  that  the  condition  of  the  nerve-cells  may  be  the 
primaiy  change,  and  that  of  the  muscles  may  be  secondary,  aJthough 
when  produced  it  is  in  some  degree  independent,  and  may  be  excited 
independently  by  local  stimulation.  Such  a  theoiy  enables  us  to 
understand  the  two  facts  above  mentioned — the  influence  of  emotion 
and  the  acquisition  of  the  disease,  each  of  which  seems  to  be  incon- 
sistent with  a  purely  muscular  pathology. 

Tkkatmbkt. — No  treatment,  properly  so  called,  appears  to  exert 
any  influence  on  the  disease.  The  congenital  maJady  persists  through 
life;  in  the  cases  in  which  a  similar  condition  has  apparently  been 
acquired,  it  has  also  been  persistent.  The  only  influence  that  has 
appeared  to  Thomsen  to  ameliorate  the  condition  is  a  life  of  active 
muscular  exertion.  But  it  is  possible  that  the  influence  of  thera- 
peutics is  not  yet  exhausted. 

Congenital  Paramyotone.—TJndBt  this  name  Eulenberg  has  da- 
seribed  *  a  strange  family  affection,  allied  to  Thomson's  disease  in  its 
general  character,  although  differing  very  much  in  its  special  features, 
and  equally  obscure  in  nature.  The  malady  was  widely  spread  in  the 
affected  family,  and  could  be  traced  through  six  generations,  but 
appears  now  to  be  dying  out.  Its  congenital  character  was  shown  not 
<mly  by  its  multiplicity,  but  also  by  the  fact  that  in  some  individuals 
it  was  manifested  immediately  after  birth.  The  symptom  was  tonic 
spasm,  lasting  from  a  quarter  of  an  hour  to  several  hours,  excited 
<juefly  by  cold,  although  often  by  merely  slight  cold.  The  rigidity  was 
followed  for  a  time  by  weakness.  The  facial  muscles  were  veiy  prone 
to  become  thus  rigid,  especially  the  orbiculares  palpebrarum  and  oris ; 
and  while  the  contraction  lasted  the  patient  was  often  unable  to  speak 
or  to  open  the  eyes.  The  rigidity  was  slighter  in  the  legs  than  in  the 
•  «KearologiBchM  Centralblitl^'  18S6«  p.  265. 
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arms,  but  the  subsequent  weakness  muB  equally  marked*  Wannih 
removed  the  spasm.  There  was  no  persistent  loss  of  power,  and  no 
increase  of  mechanical  irritabilitj.  The  electrical  ezdtabilily  of  the 
nerres  was  normal ;  that  of  the  muscles  was  lowered  to  each  current^ 
and  there  was  an  abnormal  tendency  to  tetanic  contraction  during  the 
passage  of  the  current.  Eulenberg  speculates  that  the  symptoms 
may  be  due  to  reflex  yaso-motor  spasm  in  the  muscles,  because  the 
diminution  of  the  blood-supply  to  muscles  renders  them  weak ;  but 
it  is  clearly  equally  possible  that  the  two  certain  phenomena^  the 
sensory  impression  and  the  muscular  contractioni  may  be  directly 
connected. 

Ataxic  paramyotane  seems  the  best  proTisional  designation  for  an 
icquired  condition  of  which  one  case  has  come  under  my  notice. 
Persistent  tonic  spasm,  like  the  transient  spasm  of  Thomsen's 
disease,  was  associated  with  distinct  ataxy,  and  also  with  weakness 
and  some  ansesthesia.  The  symptonu  commenced  gradually  in  ths 
legs,  in  a  healthy  man  aged  40,  without  neurotic  heredity ;  it  iuTaded 
the  arms  six  months  later,  and  increased  more  rapidly  in  the  arms 
than  in  the  legs.  At  41i  his  state  was  this :  a  well-built  man,  with 
well-developed  muscles,  unduly  firm  in  all  parts  except  the  neck  and 
head,  llie  firmness  was  due  to  tonic  spasm,  which  neyer  ceased.  It 
was  present  on  waking  in  the  morning,  and  through  the  day  interfered 
with  all  movements,  making  them  slow  and  stiff.  He  rose  from  a  seat 
slowly  and  with  difiBculty ;  when  standing  there  was  slight  unsteadi* 
ness,  increased  by  closing  the  eyes,  and  a  slight  impulse  or  stumble 
in  walking  would  cause  a  fall,  chiefly  because  the  spasm  prevented 
the  needed  quickness  of  movement  to  save  him.  Prolonged  exertion 
had  no  influence  on  the  tonic  spasm,  which  opposed  passive  as  much 
as  active  movement.  Power  in  arms  and  1^  was  lessened,  but  not 
considerably.  The  grasp  =  50  and  55  ko.  The  extensors  of  the 
fingers  were  weaker  than  the  flexors,  but  could  act  perfectly  although 
involuntary  flexion  followed  the  slow  extension.  The  electrical 
irritability  of  the  muscles  seemed  to  be  normaL  Inco-ordination  was 
especially  marked  in  the  hands ;  with  eyes  shut,  buttoning  his  coat 
was  almost  impossible;  the  attempt  was  made  with  thumb  and  fore- 
finger, the  others  being  flexed,  and  he  could  touch  his  nose  only  after 
many  wandering  failures.  On  the  palms,  from  the  wrist  to  the  tips 
of  the  fingers,  sensibility  was  lost  to  touch,  slightly  delayed  to  pain, 
little  changed  to  temperature.  Slight  tactile  loss  extended  to  the 
back  of  the  last  phalanges ;  on  the  back  of  the  hands  it  was  normaL 
A  similar  but  slighter  loss  existed  on  the  soles :  he  often  felt  as  if 
walking  on  a  rounded  surface.  The  size  and  weight  of  objects 
placed  in  the  extended  hand  could  not  be  recognised.  No  trace  of  the 
knee-jerk  or  other  evidence  of  myotatic  irritability  could  be  elicited, 
but  the  spasm  was  enough  to  explain  the  failure,  and  its  real  condition 
is  uncertain.    Mind,  special  senses,  and  cranial  nerves  were  unaffected 
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TTxif oitonatelj  the  course  of  the  affection  ootild  not  be  obserred. 
Its  BTmptoms  must  haye  been  due  to  disease  of  the  spinal  cord,  and 
they  are  instructiye  as  showing  that  muscular  spasm,  like  that  of 
Thomsen's  disease,  may  be  thus  produced.  The  time  may  not  haye 
been  sufficient  for  the  production  of  changes  in  the  irritability  of  the 
muscles,  but  we  must  also  remember  that  differences  in  the  influence 
on  the  musdet  may  be  connected  with  the  def ectiye  power. 


TUMOUES   OP  THE   SPINAL  CORD. 

Morbid  growths  within  the  spinal  canal  may  spring  from  the  mem- 
branes, or  may  grow  in  the  substance  of  the  cord  itself.  The  differ- 
ence in  seat  entails  some  difference  in  symptoms,  but  it  is  neyertheless 
conyenient  to  consider  the  two  classes  together,  because  they  haye 
many  symptoms  in  common,  and  it  is  often  impossible  to  cany  the 
diagnosis  farther  than  the  existence  of  an  intra-spinal  tumour. 

ETiOLoaT. — The  general  causes  of  these  growths  correspond,  for  the 
most  party  to  those  concerned  in  their  production  in  other  situations, 
and  present  few  peculiarities  that  merit  special  mention.  Fatty 
growth  outside  the  dura  mater  occurs  early  in  life ;  malignant  tumours 
deyelop  late.  Of  tumours  within  the  dmral  sheath,  myxomata  are 
chiefly  met  with  in  middle  life,  tubercular  growths  occur  occasionally 
in  childhood,  but  generally  between  fifteen  and  thirty-flye  (Herter  *) ; 
lipomata  are  congenitaL  Males  axe  a  little  more  prone  to  suffer  than 
females.t 

Of  the  diathetic  conditions  which  giye  rise  to  tumours  elsewhere, 
only  two,  syphilis  and  tubercle,  are  effectiye  in  causing  growths  which 
commence  within  the  spinal  canal.  Parasitic  tumours  occur,  due  to 
the  same  influences  which  produce  them  in  other  situations.  A  few 
raze  growths  appear  to  be  congenital  in  origin,  due  to  the  abnormal 
deyelopment  of  germinal  tissue,  while  the  more  common  gliomata 
within  the  cord  arise  from  embryonal  tissue,  which  has  suffered  an 
arrest  of  its  normal  deyelopment.  Of  the  causes  of  other  forms  of 
tumour  we  know  practically  nothing.  Injuries,  such  as  a  blow  on  the 
spine,  haye  been  supposed  to  be  occasionsi  causes,  and  their  influence 
in  rare  instances  has  seemed  possible,  but  the  eyidence  is  not  so  strong 
as  it  is  in  the  case  of  tumours  in  some  other  situations.    In  many 

*  Herter, '  Jonnu  of  Mental  Dit./  1890,  baa  analysed  twenty-aiz  cases. 

t  A  oolleetion  of  f^ots  relating  to  these  points,  by  Mr.  Victor  Horsley,  will  be 
found  in  the  paper  written  by  him  and  myself  on  the  case  of  successful  removal  of 
a  tnmoor  from  the  spinal  cord, '  Med.-Chir.  Trana.,'  1880  j  bat  the  nnmerical  basis 
is  far  too  meagre  to  supply  more  than  statistical  suggestions.  It  wiU  be  neeossary 
to  wait  for  a  eonKiderable  time  before  adequate  data  are  obtained.  A  very  important 
paper  by  Allen  Starr  ('Am.  Joarn.  of  Med.  Soi.,'  1805,  Jnno)»  deals  with  aa  addi- 
tional aei  ies  of 
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oases  the  first  symptoms  liaye  immediately  followed  some  exposure  to 
oold  and  wet,  and  it  seems  probable  that  their  influence  may  haye  excited 
secondary  processes  in  the  nerre-elements  which  were  already  deranged 
by  the  growth,  and  may  thus  haye  frequently  eyoked  the  first  sym- 
ptoms of  the  tumour,  but  it  can  haye  had  no  share  in  the  production 
of  the  growth  itself.  Traumatic  hemorrhages  may,  howeyer,  result 
in  cystic  formations,  which  haye  been  mistaken  for  new  growths. 

Pathological  Avatomt. — The  growths  within  the  spinal  canal 
may  deyelop  outside  the  dura  mater,  inside  the  dura  mater,  or  within 
the  substance  of  the  cord.  The  extra-dural  tumours  may  spring  from 
the  membrane  or  from  the  tissue  between  the  membrane  and  the 
bone,  or  may  grow  into  the  canal  from  the  outside,  through  the 
intervertebral  foramina.  Subdural  tumours  may  proceed  from  the 
inner  surface  of  this  membrane,  from  the  arachnoid,  or  from  the  pia 
mater  (Fig.  176).  The  growths  in  the  cord  may  spring  from  the  pia 
mater,  or  may  develop  in  the  substance  of  the  cord.  They  sometimes 
proceed  from  the  peculiar  tissue  which  surroimds  the  central  canal. 

The  forms  of  extra-dural  tumours  are  lipoma,  from  an  overgrowth 
of  the  fat  which  normally  exists  between  the  membranes  and  the  bone ; 
and  parasitic  tumours,  chiefly  echinococci ;  but  all  are  rare.*  Growths 
also  occur  that  spring  from  the  bones  or  intervertebral  tissue — enchon- 
droma,  sarcoma,  and  cancerous  tumours,  which  have  been  already 
considered.  Far  more  frequent  are  collections  of  inflammatory  pro- 
ducts from  bone  disease,  but  these  do  not  come  into  the  cat^ory  of 
morbid  growths. 


Q 
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Fia.  174. — Myolipoma  ol  the  ipinal  oord.  A*  tranivene  lection  of  the  tumour 
and  of  the  cona^  medallarii  of  the  spinal  cord,  to  which  the  growth  woi 
attached,  and  of  which  the  grey  matter  is  represented  by  the  dotted  shaiiing^ 
CM.  %  sections  of  nerve-roots,  partly  enclosed  in  the  tomonr  i  m,  bundles  of 
mnsealar  fibres.  B,  part  of  the  tumour  more  highly  msgnified,  showing  the  fst- 
oells,  of  which  It  was  chiefly  composed ;  p,m,,  pia  mater  of  the  cord,  of  which 
Le,  is  part  of  the  lateral  column.  C,  part  of  the  tumour,  still  more  magnified, 
showing  striated  muscular  fibres,  fibrous  tissue,  and  fat-oells  (see  also  Fig.  167f 
p.  680).    The  tumoor  had  caused  no  symptoms. 

*  An  adeno-sarooma  has  also  been  met  with  (Hodenpyl,  '  Am.  Journ.  Hed.  Sc.' 
1888). 
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The  tumours  wHeli  begin  within  the  dura-matral  sheath  are  chiefly 
i^hilomata»  sarcomata,  and  mjxomata,  sometimes  oontaining  cjsts  or 
''brain-Band.''  Tubercular  and  parasitic  tumours  are  rare,  but  both 
echinococci  and  cjsticerci  haye  been  met  with,  developing  in  the 
meshes  of  the  arachnoid.  Fatty  tumours  have  been  found  in  a  few 
instances,  and  may  contain  muscular  fibres.  They  are  congenital  and 
sometimes  associated  with  spina  bifida  {q.  v.).  Fig.  174  represents 
such  a  tumour,  a  myolipoma  consisting  of  fatty  tissue  and  striated 
muscular  fibres,  which  had  grown  from  the  pia  mater  or  meshes  of 
the  arachnoid,  and  was  found  in  a  case  of  tabes.*  Neuromata  occur 
on  the  nerve-roots,  and  may  compress  the  cord.f 

The  growths  within  the  substance  of  the  oord  itself  are  more 
diverse  in  character.  Syphiloma  and  glioma  are  the  most  common ; 
sarcomata,  myzomata,  and  tubercular  tumours  also  occur,  containing 
the  characteristio  bacilli,  and  always  associated  with  tubercle  else- 
where. Hydatids  are  occasionally  met  with.J  Some  growths  have  a 
compound  character,  and  have  been  termed  myxo-sarcoma,  glio- 
sarcoma,  and  fibro-sarcoma.  Sarcomata  and  gliomata  are  sometimes 
very  vascular,  and  have  been  termed  "angio-sarooma"  and  "angio- 
glioma."  It  is  &r  more  common  for  the.  tumour  to  spring  from 
the  pia  mater  or  from  the  peii-ependymal  tissue  around  the  canal 
than  for  it  to  begin  among  the  nerve-structures,  but  tubercular 
growths,  usually  begin  in  the  substance  of  the  cord  and  ususlly  on  one 
side. 

Eztra-dural  growths  are  always  single ;  those  within  the  dura  mater 
are  often  single,  but  sometimes  two  or  three  co-exist;  or  the  growth 
may  be  difihise,  as  in  a  sarcoma  of  the  pia  mater,  which  extended 
as  high  as  the  sixth  pair  of  cerebral  nerves,  and  as  low  as  the  cauda 
equina.§  Neuromata  or  sarcomata  on  the  nerve-roots  are  often 
multiple,  and  sometimes  are  veiy  numerous.  Neuro-fibromata  on 
almost  all  the  nerves  of  the  body  have  been  observed  to  coincide  with 
a  similar  extra-dnral  growth  compressing  the  spinal  cord.  Tumours 
within  the  spinal  cord  are  also  usually  single,  even  those  of  tubercular 
nature,  but  occasionally  more  than  one  growth  is  found. 

The  size  attained  by  growths  outside  the  cord  is  necessarily  moderate^ 
in  consequence  of  the  limitation  of  the  space  in  which  they  grow. 
They  vaiy  from  the  size  of  a  pea  to  a  width  of  one  and  a  length 
of  two  inches,  which  is  rarely  exceeded,  and  ehiefly  by  extra-dural 
tomoun.    Those  that  develop  from  the  pia  mater  are  usually  smaller 

*  See  'Path.  Soo.  Truns.,'  vol.  zzvii,  10.  Another  rare  ceee  ie  one  of  lymph* 
angeiomn  of  the  pia  mater  (Tranbe,  'Keur.  Cent.,'  1887). 

t  Mjzo-flbromata  nay  alio  form  on  the  nerve-roota,  and  even  extend  on  to  the 
eord.    See  Bmce  and  Mott, '  Brain,'  Jnly,  1887. 

X  Ranaom  and  Anderwn,  'Brit.  Hed.  Jonm.,'  1892  (found  only  after  death 
thongh  operated  on),  and  a  case  under  my  care  in  which  the  hydatids  were  found 
and  removed  by  Mr.  Honley  during  life.  In  other  oaiea  they  have  bean  mat  with 
poat  mortem, 

§  Paatenr, '  Brit.  Med.  Jonnk»' July,  1887. 
VOL.  I.  80 
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than  those  that  spring  from  the  dura  mater.  Multiple  tumours  of 
the  nerve-roots  are  generally  small.  Adhesions  often  form  between 
the  growth  and  the  membrane  from  which  it  does  not  arise.  The 
tumour  compresses  the  nerre-roots  and  the  spinal  cord  (Figs.  175, 
178).  The  compression  produced  by  tumours  within  the  dura  mater 
is  always  greater  than  that  by  tumours  outside  this  membrane. 
The  amount  of  pressure  is  proportioned  to  the  size  of  the  tumour  and 
its  consistence.  A  soft  growth  outside  the  sheath  may  attain  a  con- 
siderable size,  and  even  extend  through  the  intervertebral  foramina, 
without  exerting  much  pressure  on  the  cord*  itself.  Even  such  exten- 
sion to  the  outside  seldom  causes  a  swelling  that  can  be  felt.  Probably 
the  Bontgen  rays  would  yield  useful  information.  At  the  compressed 
part  the  cord  is  narrowed  and  softened,  usually  indented  or  flattened* 
because  the  pressure  is  either  from  one  side,  from  the  front,  or  from 
the  back.  Barely  the  degree  of  pressure  is  so  great  tihat  the  cord  is 
reduced  to  the  size  of  a  crow-quill,  and  it  has  even  been  apparently 
interrupted  at  the  spot,  the  upper  and  lower  portions  being  conical, 
and  their  pointed  extremities  connected  only  by  membranous  tissue. 
The  softening  of  the  cord  depends  on  inflammation,  the  **  pressure* 
myelitis  "  considered  in  a  preceding  chapter  (p.  890),  and  it  presents 
the  tissue  changes  that  have  been  there  described.  Secondary  inflam- 
mation may  extend  down  the  cord  below  the  growth,  or  for  a  short 
distance  above  it,  often  unequally  in  the  different  elements — sometimes 
in  the  grey  matter  into  the  lumbar  enlargement,  and  even  on  one  side 
only  (Francotte,  see  p.  617,  footnote).  The  usual  secondary  d^enem- 
tions  are  commonly  conspicuous. 

The  growths  that  involve  the  cauda  equina  often  attain  a  larger  size 
than  those  that  occur  higher  up,  because  this  part  of  the  vertebral 
canal  is  large,  and  the  nerve-roots  occupy  but  a  small  part  of  it.  Most 
tumours  in  this  situation  are  sarcomata  or  fibro-saroomata,  but  it  is 
a  not  uncommon  seat  of  syphilitio  growths.  They  usually  spring  from 
the  tissue  of  the  arachnoid,  and  often  surround  and  include  the  nerves 
(Fig.  179),  the  amount  of  damage  to  which  is  very  variable. 

Multiple  tumours  outside  the  cord  are  sometimes  very  nmnerous. 
They  are  usually  sarcomata,  and  spring  from  the  membranes  and 
sheaths  of  the  nerve-roots.  They  are  various  in  size,  ranging  from 
that  of  a  hazel-nut  to  that  of  a  pin's  head,  and  many  vexy  small  growths 
are  often  scattered  among  the  nerves  of  the  cauda  equina.  In  some 
cases  of  this  character  similar  growths  have  existed  in  the  cerebral 
membranes. 

The  tumours  within  the  spinal  cord  are  usually  small,  seldom  ex- 
ceeding half  an  inch  in  diameter,  and  usually  less,  even  when  they 
give  rise  to  considerable  impairment  of  function.  But  their  vertical 
extent  often  exceeds  their  transverse  diameter,  and  sometimes  they 
grow  through  a  considerable  extent  of  the  spinal  cord.  Gliomata,  and 
especially  the  gliomatous  growths  that  spring  from  the  central  region, 
and  arise  from  embxyonal  neuroglial  tissue  (persistent  by  arrest  of 
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Fze.  176. — Tamour  Rowing:  from  the  Inner  snrfaoe  of  the  dnrm  inater,  and  com* 
pressing  the  spinal  cord  in  the  mid-dorsal  region.  The  tamour,  8  em.  long,  was  a 
sarooma  in  which  the  cells  were  armnged  in  coneentrio  groups,  the  centn^  oi'  which 
Had  undergone  caleiflcation.  The  spinal  cord  was  softened  and  dark  in  tint  at  the 
compressed  pHrt*    (After  Lancereauz.) 

Fie.  176. — Sarooma  growing  between  the  arachnoid  and  pia  mater  in  the  mid- 
dorsal  region  of  the  cord.  The  tumour  had  iprung  from  the  meihet  of  the  arach- 
noid, and  was  only  slightly  adherent  to  the  pia  mater.  The  ipinal  cord  was 
t-ouipressed  and  softened.  In  the  figure  the  dnra-matral  sheath  has  been  laid  open, 
except  at  the  top,  and  the  arachnoid  has  heen  opened  over  the  lower  half  ^'f  the 
tumour,  which,  5  cm.  long,  lies  on  the  posterior  and  (right)  lateral  aspect  of  the 
cord.f    (After  Lancereaux.) 

Fia.  177.— A  tumour  (T)  growing  from  the  dura  mater^  and  compressing  the  riirht 
jide  of  the  ipinal  cord  at  the  origin  of  the  4th)  6th,  and  6th  cervical  nerves.  The 
tumour  was  a  spindle-celled  sarcoma  springing  from  the  arachnoid.^  (After  L(>y<*cn.) 

*  The  patient  was  a  woman  seventy-one  yearaof  age,  paraplegic,  with  stronc  flexor 
contracture  of  the  legs,  loss  of  power  over  the  sphincters,  and  conftiderable  impnir- 
ment,  hut  not  ahaolute  loss,  of  seniibility.  The  symptomi  came  on  gradually  six 
yeara  before  death.    (Lancereaux, '  AUhs  d'Anat.  Path.,'  p.  444.) 

t  The  ))atient  waa  a  woman  twenty-eight  yean  of  age.  The  fint  lymptom  w:«8 
pain,  radiating  over  the  upper  part  of  the  abdomen  on  the  right  side,  and  Mrit-i- 
warda  extending  to  the  leg  and  to  the  lef^  side.  After  a  few  months,  \v«'><Kii«-  -  of 
the  legs  gradually  came  on,  and  became  absolute,  with  lost  of  spnffntion  mil  or  )>mv<  it 
over  the  sphincters.  Extensive  hed'ores  were  the  immediat**  canne  of  dcatth,  u iiich 
occurred  ei«hteen  months  afu^r  the  on^ct.     (Lnncerenux,  *  Athiii/  p.  447.) 

X  The  ptitient  was  a  man  aged  thirty -five.     At  twenty -eight  palu  comu.enced  iu 


ei2 


SPINAL   CORD. 
Fro.  179. 


FtowiaoL 


y--  Miiir  of  darm  mater  opposite  the  npper  part  of  tbe  lambar  enlarge- 

ment, compreHsiiifif  nerve-roots  and  npinal  «ord.  (From  a  preparatiun  in  Universit/ 
Oollef^e  Mosetiin.     Drawn  by  Dr.  H.  R.  Spencer.) 

Fig.  179. — Tumour  of  the  cauda  equina  surroanding  and  enclosing  many  of  the 
nerve-roots.  The  cord  iUelf  was  unaffected.  Tbe  structure  of  the  tumour  was 
that  of  a  fihro-Mircoma.* 

Fig.  180.— Neuromata  of  tbe  cauda  equina.  (After  Lancereaux.)  The  gfowths 
bad  apparently  given  rise  to  no  symptoms. 

tbe  right  forearm,  nnd  continued,  intermitting,  for  some  years,  until  at  thirty-fbnr 
it  extended  through  the  whole  arm  to  the  neck  be«ide  the  spine*  where  it  was 
increased  by  movement.  Similar  pain  afterwarda  came  on  in  the  left  am.  Then 
followed  weaknesa  in  tha  right  arm*  flight  spaam  in  the  right  Ieg«  and  tingling 
in  tlie  left.  The  arm  became  almost  powerless  and  wasted*  the  right  leg  weal^ 
and  flexion  of  the  neck  caused  severe  local  pain.  These  symptoms  continued  and 
increased,  and  paiu  in  tbe  left  leg  came  on.  The  cervical  spine  became  tender,  and 
movement  of  the  head  to  tbe  right  was  limited*  Then  both  legs  became  weak,  and 
►eusiliility  was  lost  as  high  as  the  nipples.  The  paraplegia  beeame  absolute,  bed- 
sores formed,  and  the  patient  died  seven  years  after  the  onset  of  the  symptoms. 
Softening  of  tbe  spinal  cord  extended  down  into  the  dorsal  region.  (Leyden^  'On. 
der  Riickenmarkskr.,'  Bd.  i,  p.  460.) 

*  The  patient  was  a  man  aged  twenty-eight*  whose  symptoms  eommanced  nint 
monthfl  before  death,  and  consinted  in  severe  pains  in  the  legs  and  progretsifa  weak* 
ness,  ihe  power  of  standing  being  lost  about  four  months  after  tbe  onset.  A  little 
power  in  ihe  flexors  of  the  hips  and  the  extensors  of  the  knees  persisted  almost  to 
the  l.oHt.  but  tlie  knee-jerk  wan  lost.  All  the  muscles  of  tlie  legs  wasted,  those  below 
the  knee  extremely,  and  even  when  the  patient  was  first  seen  electrical  irritability 
was  greatly  lowered  to  both  currents,  without  any  reaction  of  degancration.  Tsetile 
sensibility  whs  impaired  in  each  foot  and  lower  leg*  more  in  the  right  than  in  tbe 
left,  and  chiefly  in  the  region  supplied  from  the  sacral  plexus.  Sensibility  to  paio 
was  not  nffected.  The  bladder  waa  affected  early,  and  symptoms  of  pvelo- nephritis 
already  exi^ted.  The  kidney  dbease  was  the  immediate  caase  of  death,  which  was 
preceded  by  several  convulsions,  apparently  uremio.  A  microsoopioal  cxaminatiea 
showed  conMidemble  damage  to  many  nerve-roots  InvolTcd  in  the  tomov,  while 
others  bad  esca^^ed.  The  muscles  presented  intense  granular  deganetaliaa  wHk 
•ome  longitudinal  striationy  and  increaie  of  the  interstitial  aoolsL 
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detdopment,  and  often  associated  witli  sjiingoinyelia),  are  those 
wliich  have  most  freqnentlj  a  considerable  yertical  extent.  Such  a 
glioma  has  been  known  to  reach  from  the  medulla  oblongata  to  the 
lumbar  region,  and  often  extends  up  from  the  cervical  region  to  the 
base  of  the  brain. 

The  oord  is  enlarged  at  the  seat  of  a  tumour,  and  the  precise 
character  of  the  enlargement  depends  on  the  position  of  the  growth. 
In  an  infiltrating  glioma  of  the  upper  part  of  the  cord  the  increase 
in  size  has  been  so  great  that  the  wall  of  the  foramen  magnum 
caused  a  constriction  around  the  swollen  cord.  Often  the  abnormal 
colour  of  the  tumour  is  perceptible  on  the  surface.  The  consist- 
ence of  the  cord  may  be  lessened  in  soft  growths,  but  the  tumour 
is  commonlj  firmer  than  the 
normal  cord,  and  the  differ- 
ence is  frequently  increased 
by  softening  in  the  vicinity 
of  the  growth.  If  the  tumour 
reaches  the  surface  the  pia 
mater  and  arachnoid  may  be 
thickened  at  the  spot,  and 
they  may  even  be  adherent 
to  the  dura  mat«r,  but  there 
is  rarely  any  extension  of  the 
meningitis  to  other  parts. 
On  section  the  growth  is 
usually  very  distinct,  since 
its  aspect  contrasts  with 
that  of  the  nerve-substance.  ' 
Only  glioma  and  myxoma 
resemble  the  normal  grey 
substance  in  appearance,  but 
the  new  tissue  is  usually 
distinct  in  position.  These 
tumours  in  some  cases  blend 
with  the  substance  of  the 
cord,  but  in  other  instances 
they  are  bounded  by  an  area 
of  softening  which  often  iso- 
lates even  invading  growths. 
Some  tumours  are  sharply 
limited.  It  may  be  difficult 
to  say  in  what  structure  the 
tumour  began*  but  this  may 
sometimes  be  ascertained  by 
an  examination  of  the  upper  and  lower  parts,  where  the  growth  is 
commonly  limited  to  that  part  of  the  cord  in  which  it  first  originated. 
Thus  in  Fig.  ISl*  B,  the  tumour  occupies  a  very  large  area,  although 
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Fzo.  181.*— TuiDOiir  ol  tplnsl  oord,  tprinp^inu 
from  the  tissue  around  the  centnil  chuhI. 
A,  upper  part  of  the  tumour  in  the  midiiU  of 
the  cervical  region ;  thef^rowth  is  here  witliiii 
the  posterior  commissure.  B,  section  throut;h 
the  largest  part  of  the  tumour,  which  occupies 
th«  whole  central  region  of  the  cord.  The 
vertical  extent  was  2  cm.  It  was  a  sarcoma 
composed  chiefly  of  spindle-cells  arraus^ed 
in  fasciculi  and  in  concentriir  layers.  The 
patient  was  snifering  also  from  a  cerehral 
tnmour  causing  hemiplegia,  nitd  the  spinal 
growth,  which  apparentl.v  developed  rapidly 
during  the  final  period  of  palsv  and  prostra- 
tion«  was  not  suspected  during  life. 
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the  nearly  equal  extent  on  each  side  suggests  its  central  origin,  and 
this  is  clearly  seen  in  the  section  through  the  upper  part  of  the  growth* 
in  which  the  posterior  commissure  can  be  traced  in  front  and 
behind  the  small  area  of  growth,  pointing  to  the  peri-ependy- 
mal  tissue  as  its  source.  Syphilitic  tumours  commonly  originate 
from  the  pia  mater,  as  they  do  also  in  the  brain,  and  the  mem- 
brane in  their  vicinity  is  often  thickened.  They  both  invade  and 
compress  the  nerve- tissue.  An  instance  of  such  a  gumma  of  the  cord 
is  shown  in  Fig.  182.    It  probably  commenced  at  the  furrow  opposite 


Fxa.  182. — Syphiloma  in  the  spinRl  cord,  occupying  the  poaition  of  tbt 
poiterior  cornu  and  adjn cent  parts  of  the  posterior  and  lateral  col amnt,  fai 
the  lower  cervical  region.  The  tumour  presented  the  usual  comhination 
of  grey  trHnnlucent,  and  yellow  cheesy  areas.  A  Becond  similar,  hut  mndi 
■mailer  tumour  existed  higher  np.  The  symptoms  were  complicated  by 
hemiplegia,  &c.,  of  cerebral  origin,  due  to  a  gumma  in  the  brain.  Plara- 
lysis  with  rigid  flexor  contracture  of  the  left  arm  and  leg  were  apparently 
dne  to  the  growth.  The  disease  was  certainly  syphilitic,  but  it  is  note- 
worthy that  it  had  developed  during  continnous  treatment  by  full  doaee 
of  iodide,  which  had  entirely  removed  earlier  symptoma,  bat  to  which  the 
iystem  had  apparently  become  aocnttomed. 


the  head  of  the  posterior  cornu,  which  it  has  destroyed,  and  the  pret- 
sure  which  it  exerted  is  evident  from  the  displacement  of  the  posterior 
median  septum.  In  all  forms  of  tumour  the  central  canal  is  often 
obliterated  by  the  pressure,  and  may  be  slightly  dilated  higher  up; 
this  dilatation  is  especially  common  from  growtlis  that  begin  in  the 
peri-ependymal  tissue.  The  considerable  enlargement  of  the  canal, 
termed  "syringomyelia,"  is  generally  associated  with  a  peculiar 
growth  in  this  position,  probably  congenital  in  origin ;  the  condition 
is  described  in  another  chapter.  In  other  forms  of  timiour,  cysts 
occasionally  develop,  and  hsemorrhage  may  occur  into  such  cysts,  or 
into  the  softened  tissue  in  the  vicinity  of  the  tumour,  or  even  in  Urn 
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subataaoe  of  a  soft  growth  itself,  especially  when  tUs  is  a  glioma. 
From  the  region  of  the  growth,  secondary  degenerations  can  frequently 
be  traced  upwards  and  downwards,  but  these  are  often  slighter  than 
the  apparent  damage  wonld  stiggest,  sometimes  by  reason  of  the 
xBmarli^ble  tolerance  of  the  nerre-fibres  to  pressure  if  this  is  slowly 
dereloped,  sometimes  because  a  rapidly  growing  tumour  has  not  given 
time  for  them  to  become  conspicuous.  As  regards  yertical  position, 
growths  may  occur  in  any  part,  but  are  said  to  be  most  frequent 
beneath  the  lower  cervical  spines,  and  in  the  upper  and  lower  dorsal 
regions,  because  (it  is  conjectured)  there  is  least  room  at  these 
places,  although  why  the  result  should  follow  from  the  cause  is  not 
clear. 

Symptoms. — ^The  symptoms  produced  by  tumours  within  the  spinal 
canal,  whether  these  are  within  the  cord  or  outside  it,  resemble  in 
their  general  characters  those  which  we  have  already  considered  at 
resulting  from  growth  and  caries  in  the  bones  of  the  vertebral  column. 
The  resemblance  is  most  close  in  the  case  of  extra-dural  growths,  and 
least  so  in  that  of  tumours  within  the  substance  of  the  cord.  The 
chief  difEerences  are  the  relative  preponderance  of  symptoms  of  early 
irritation  of  the  cord  itself  when  the  growth  is  within  it,  and  the 
frequent  indications  of  a  transverse  extension  of  the  damage  from  one 
side  of  the  cord  to  the  other. 

In  the  majority  of  cases  pain  is  prominent  through  the  whole  course 
of  the  disease.  It  is  usually  the  earliest  effect,  severe  both  before  and 
after  the  development  of  oliier  symptoms.  The  pain  may  be  intense 
along  the  course  of  the  nerves  which  arise  at  the  level  of  the  tumour, 
and  also  in  the  parts  supplied  by  nerves  below  that  level,  e.  g.  in  the 
legs,  but  it  is  not  felt  above  the  growth.  It  may  be  a  sharp  acute 
pain,  but  has  often  a  "burning"  character,  and  is  sometimes  "  stabbing" 
or  "  rending."  Bull  aching  pain  may  be  felt  between  the  attacks  of 
severe  pain,  or  before  them,  and  may  then  give  rise  to  the  most 
frequent  of  all  diagnostic  errors — mistaking  grave  organic  disease  for 
simple  rheumatism,  on  account  of  the  similarity  in  the  character  of  the 
pains.  The  intensity  of  the  severe  pain  is  usually  very  great,  and  it 
has  more  than  once  led  the  unhappy  sufferer  to  attempt  suicide.  The 
pains  are  often  felt  on  one  side  first,  in  one  arm,  in  one  side  of  the 
trunk  at  a  given  level,  or  in  one  leg,  and  a  considerable  time  may 
elapse  before  they  extend  to  the  other  side.  Occasionally  the  pain 
is  bilateral  from  the  first.  Dr.  Starr  has  drawn  attention  to  the 
rarily  of  tenderness  of  the  nerves  in  the  line  of  the  pain.*  It  is 
generally  greatest  when  the  tumour  compresses  the  cord  from  behind 
forwards,  or  vice  versd  (Horsley) ;  this  is  open  to  more  than  one 
explanation.  Pain  is  sometimes  increased  by  movement,  but  rarely 
in  the  intense  degree  common  in  tumours  of  the  bone.  When  the 
growth  is  in  the  lower  lumbar  region,  the  pain  is  often  first  referred 
to  the  loles,  and  seems  to  ascend.  The  sensory  loss,  due  to  subse- 
•  Allen  Starr,  •  Amer.  Joom.  Med.  Sc^  1885. 
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quent  nerre  destruction,  follows  a  similar  course.  Pain  is  sometimM 
felt  in  the  spine,  frequentlj  when  the  growth  begins  in  the  don 
mater,  rarely  when  it  is  witihin  the  substance  of  the  cord.  Tenderness 
of  the  spine  often  exists  in  the  former  cases,  but  is  on  the  whole 
not  common.  Other  subjective  sensations  may  occur  with  the  pain 
or  in  the  intervals — "numbness,"  tingling,  formication,  Ac.,  and 
thej  give  significance  to  the  pains  as  an  indication  of  organic  damage 
to  the  nerve-structures.  The  root-pains  in  the  trunk  are  often  accom- 
panied bj  a  sense  of  constriction,  which  may  be  Terj  distressing. 
Hypersesthesia  of  the  skin  frequently  accompanies  pain  felt  at  the 
level  of  the  tumour,  less  commonly  that  in  the  parts  below.  Yeiy 
rarely  pain  is  absent;  chiefly  in  eztra-dural  lipoma,  probably  from 
the  nature  of  the  growth. 

Muscular  spasm  ia  another  common  symptom,  most  pronounced 
when  the  tumour  springs  from  the  membranes.  There  may  be  some 
rigidity  of  the  back  opposite  the  seat  of  the  growth,  usually  associated 
with  local  pain.  It  is  most  marked  when  the  disease  is  at  the  more 
mobile  parts  of  the  spine,  especially  when  it  is  in  the  cervical  region. 
In  such  cases  the  rigidity  may  be  painful,  and  the  pain  may  be 
increased  by  movement.  Severe  spasm  in  the  abdominal  muscles  is 
often  associated  with  severe  girdle-pain.  Contractures  may  develop 
in  the  limbs,  both  in  those  supplied  by  the  nerves  which  arise  at  the 
level  of  the  tumour,  and  are  directly  irritated  by  it,  and  also,  although 
less  commonly,  in  the  parts  supplied  from  the  spinal  cord  below  the 
level  of  the  growth.  Thus  the  tumour  in  one  half  of  the  cord  in  the 
cervical  region  (shown  in  Fig.  182)  caused  persistent  flexor  contracture 
in  the  arm  and  leg  on  the  side  of  the  growth,  and  in  the  early  stage 
of  dorsal  tumours  one  leg  only  may  be  rigid,  or  more  so  than  the 
other.  The  seat  of  rigidity  thus  needs  to  be  specially  noted,  as  well 
as  its  character,  if  we  are  to  obtain  from  it  diagnostic  guidance, 
because  it  may  be  due  to  the  irritation  either  of  the  nerve-roots  or 
of  the  conducting  tracts.  Both  forms  sometimes  oc^^ur  before  loss  of 
power,  but  pain  generally  precedes  them. 

Paralysis,  of  gradual  onset,  is  almost  invariably  one  of  the  sym- 
ptoms. Paraplegia  is  the  most  common  form,  but  aU  four  limbs  may 
be  paralysed  by  a  growth  in  the  cervical  region.  Very  commonly  one 
leg  becomes  weakened  before  the  other,  and  occasionally  one  arm  and 
leg  sufEer  before  those  of  the  other  side.  Tumours  which  are  situated 
in  the  middle  line  or  in  the  centre  of  the  cord,  however,  usually 
affect  both  sides  at  the  same  time,  and  the  effects  of  a  congenital 
growth  may  thus  accompany  and  complicate*  those  of  an  associated 
syringomyelia  {q.  v,).  'I  he  proximal  parts  of  the  limbs  seem,  as  a 
rule,  to  be  first  affected,  although  exceptions  are  occasionally  met 
with. 

The  palsy,  gradual  in  onset,  is  usually  also  slow  in  its  extension,  the 
rate  of  its  increase  depending  on  the  rate  at  which  the  tumour  grows 
aud  compresses  the  spinal  cord.     This  is  the  characteristic  course  of 
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the  paraljsis  produced  by  a  ttunoxtr.  But  in  a  large  number  of  cases 
the  loss  of  power  oomes  on  in  a  subacute,  or  even  an  acute  manner,  in 
consequence  of  the  myelitis  excited  by  the  compression,  which  in  such 
cases  may  run  a  course  of  independent  rapidity.  When  the  inflam- 
mation is  thus  in  excess  of  its  cause,  the  palsy  may  lessen  as  damage 
from  the  inflammation  subsides  to  the  degree  of  the  damage  from 
pressure.  The  symptoms  that  depend  on  compression  slowly  but 
surely  increase  as  the  timiour  grows,  and  usuaUy  attain  a  high  degree 
of  intensity ;  the  loss  of  power  in  the  legs,  for  instance,  becoming  abso- 
lute and  remaining  so. 

Loss  of  sensation  may  come  on  with  the  loss  of  motor  power; 
more  often  after  this  has  become  considerable.  It  may  be  slight  or 
partial  at  first,  occasionally  for  a  long  time,  but  tends  to  become 
complete  as  the  damage  to  the  cord  increases,  and  it  often  ascends 
the  legs.  It  corresponds  in  distribution  to  the  motor  palsy  when  tlie 
disease  is  below  the  middle  of  the  dorsal  region;  but  if  situated 
higher,  and  on  one  side,  the  sensory  loss  is  often  gnniter  on  the  side 
opposite  to  the  motor  paralysis.  Tumours  of  the  cord  furnish  a  con- 
siderable proportion  of  the  cases  in  which  the  crossed  symptoms  of  a 
unilateral  lesion  are  well  marked  (see  p.  272).  In  addition  to  the  loss 
of  sensation  which  results  from  the  damage  to  the  cord  itself,  areas  of 
ansesthesia  may  exist  in  the  region  supplied  by  the  nerves  which  are 
damaged  by  the  growth,  and  in  which  the  seyere  radiating  pains  are 
felt.  If  there  is  crossed  sensory  and  motor  palsy,  these  root  symptoms 
exist,  chiefly  on  the  side  opposite  to  the  ansesthesia  in  the  limbs. 
Inco-ordination  of  movement  is  not  a  common  symptom  of  spinal 
tumours,  but  has  been  occasionally  met  with  in  cases  of  growth 
invading  the  posterior  columns,  and  also  as  a  result  of  multiple 
tumours  of  the  nerve-roots  (see  p.  478).  Loss  of  power  usually 
co-exists  and  quickly  becomes  predominant  when  the  growth  is  in  the 
cord. 

The  condition  of  reflex  action  depends  on  the  position  of  the 
tumour.  In  the  lumbar  enlargement  or  the  cauda  equina  a  growth 
abolishes  reflex  action  in  the  legs,  and  in  any  position  the  trunk- 
reflexes  are  lost  at  the  level  of  the  lesion.  But  when  the  disease  is 
situated  higher  up,  reflex  action  is  increased,  and  the  excess  of 
cutaneous  reflex  action  is  a  very  marked  and  early  symptom  of  the 
disease ;  it  is  lessened  and  lost  only  when  the  lower  part  of  the  cord  is 
damaged  by  secondary  myelitis  (superadded  to  descending  degenera- 
tion and  distinct  from  it).  The  myotatic  irritability  presents  also  the 
increase  that  invariably  results  from  damage  to  the  pyramidal  tracts, 
and  the  usual  tonic  spasm  also  gradually  develops  and  often  reaches  a 
high  degree.  Its  loss,  with  muscular  relaxation,  sometimes  met  with 
under  these  conditions,  depends  on  a  descending  myelitis,  sometimes 
slight   and    partial.*     Muscular    contracture    is    superadded    more 

*  As  was  found  to  be  the  case  bj  Francotte  ('FIbrome  de  la  Dure-iiiere  '•piti»U>,' 
hihge,  1888)  in  a  case  of  tumour  compressing  the  upper  dur^ul  region.     Sliglit 
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frequently  in  tumours  than  in  many  other  diseases,  and  rigid  spasm 
in  the  flexors  of  the  knee  and  hip  may  keep  the  heels  in  contact  irith 
the  nates. 

Wasting  of  the  muscles  is  for  the  most  part  confined  to  the  regions 
supplied  by  the  damaged  nerve-roots.  In  tumours  of  the  Iximbar 
enlargement  and  cauda  equina  the  atrophy  of  the  muscles  of  the  legs 
is  a  yery  conspicuous  symptom.  Considerable  muscular  wasting  in 
the  legs  may  result  from  an  irritable  growth  in  the  cord  above  the 
lumbar  enlargement,  even  in  the  cervical  region,  (but  such  atrophy 
does  not  reach  the  extreme  degree  produced  by  growths  in  the  lumbar 
enlargement  or  cauda  equina,)  and  this  condition  is  further  dis- 
tinguished by  the  preservation  of  the  musde-reflex  actions  (knee- 
jerk,  <&c.),  and  often  by  their  excess  (foot-clonus).  Yaso-motor  dis- 
turbance sometimes  occurs  in  the  early  stage  of  the  disease,  chiefly 
in  the  distribution  of  irritated  roots,  where  flushing  of  the  skin  has 
been  noted,  and  the  so-called  "meningitic  streak*'  {**tache  spinale**) 
may  often  be  produced.  Occasionally  vaso-motor  oedema  is  a  oon* 
spicuous  early  symptom.  In  the  later  stages  bedsores  are  veiy 
common  and  often  severe.  Dilatation  or  contraction  of  the  pupil  is 
common  when  a  tumour  is  situated  in  the  lower  cervical  region*  Loss 
of  control  over  the  sphincters  usually  accompanies  motor  palsy  in  the 
legs ;  their  state  corresponds  with  that  of  reflex  action  (p.  267). 

The  course  of  the  symptoms  is  variable,  and  depends  on  the  rapidily 
of  growth  of  the  tumour,  and  on  the  share  which  secondary  myelitis 
takes  in  the  production  of  the  symptoms.  As  a  rule  the  root  symptoms 
occur  first,  and  in  growths  outside  the  cord  they  may  exist  alone  for 
months,  and  even,  in  the  case  of  a  slowly  growing  tumour,  for  years 
before  the  symptoms  of  damage  to  the  cord  itseK  are  added.  On  the 
other  hand,  they  may  be  entirely  absent  in  growths  which  commence 
within  the  cord  itself.  In  some  cases  the  symptoms  are  steadily 
progressive  from  first  to  last.  In  others  Vie  progress  is  intermittent; 
periods  of  increase  in  the  symptoms  alternate  with  stationary  periods. 
Their  coiurse  is  variable,  even  in  cases  in  which  the  seat  of  the  tumour 
and  its  nature  are  the  same,  because  they  depend  on  the  seoondazy 
changes  in  the  nerve-elements,  and  the  course  of  these  (such  as  the 
myelitis  induced  by  pressure)  is  subject  to  variations,  the  cause  of 
which  is  often  indistinct.  Thus  the  chronic  course  of  the  symptoms 
is  often  varied  by  periods  of  rapid  and  even  sudden  increase,  espe- 
cially in  the  case  of  growths  that  involve  the  spinal  cord  itself ;  and 
symptoms  that  have  thus  developed  vnth  rapidity  are  apt  (as  already 
mentioned)  to  subside,  if  not  completely,  af  least  in  considaable 
degree.  Hence  a  rapid  increase  of  the  cord  symptoms  may  be 
followed  by  positive  improvement  for  a  time,  but  scarcely  ever  l^  an 

descending  inflRmmation  of  the  right  anterior  cornii  coincided  with  flaccid  ptXtj  of 
the  right  leg.  It  shoald  have  been  mentioned  that  the  connection  of  ft  giroilar  loMof 
myotatic  irritabilitv  with  descending  iuflaumation  in  dorwil  myelitiB  (referred  to  at 
pp.264f  271  and  360)  hag  been  proved  in  two  other  cases  by  Francotte(loc.  cit.,  p.0). 
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actual  disappearanoe  of  the  manifestations  of  the  disease.  The  most 
important  element  in  the  course  of  the  disease  is  the  tendency  to  a 
lateral  extension  of  the  symptoms,  the  expression  of  the  transverse 
extension  of  the  damage,  as  the  several  structures  of  the  cord,  at  the 
same  level,  successively  suffer.  Although  there  is  sometimes  an  exten- 
sion downwards  of  the  interference  with  the  central  functions  of  the 
cord,  when  secondary  myelitis  descends  to  the  lumbar  enlargement, 
there  is  scarcely  ever  an  extension  upwards  above  the  level  of  the 
initial  interference  with  function.  A  very  small,  slowly  growing  tumour, 
even  within  the  cord,  sometimes  causes  no  symptoms. 

The  chief  differences  between  the  symptoms  of  tumours  of  the  cord 
and  membranes,  besides  those  mentioned  on  p.  615,  are  that,  in 
the  latter,  the  root  symptoms  are  more  often  severe,  and  that  the  cord 
symptoms  occur  later,  and  are  at  first  more  limited  in  extent.  Spinal 
pain,  tenderness,  and  rigidity  are  more  common.  In  cord  tumours  the 
radiating  pains,  due  to  irritation  of  the  nerve-roots,  are  more  often 
trifling  or  absent,  unless  the  growth  begins  in  the  neighbourhood  of 
the  posterior  horn ;  then  they  may  be  pronotmced.  The  cord  symptoms 
are  often  bilateral  from  the  first,  and  in  central  tumours  ^ey  may 
develop  equally  on  the  two  sides.  If  they  are  unilateral  at  the  onset 
they  extend  to  the  other  side  sooner  than  in  the  case  of  meningeal 
growths.  In  the  case  of  tubercular  growths  the  symptoms  of  irrita- 
tion are  usually  subordinate  to  those  of  impaired  conduction,  and 
pain  is  felt  chiefly  in  the  legs  (Herter).  Extensive  muscular  atrophy 
is  more  common  in  tumours  of  the  cord  than  in  those  of  the  membranes 
(except  in  the  case  of  tumours  of  the  cauda  equina),  because  central 
tumours  may  damage  the  grey  matter  through  a  considerable  vertical 
extent,  and  are  most  common  in  the  enlaxgements,  and  also  because 
myelitis  spreads  in  the  grey  matter  far  more  frequently  when  the 
exciting  growth  is  in  the  cord  itself,  than  when  it  is  in  the  mem- 
branes. 

In  tumours  of  the  cervical  region,  the  interference  with  movement 
of  the  neck,  from  the  rigidity  of  the  muscles,  is  often  well  marked, 
especially  when  the  tumour  is  in  the  membranes.  The  pains  due  to 
irritation  of  the  nerves  are  felt  in  the  arms,  and  are  often  associated 
with  muscular  atrophy.  The  excess  of  reflex  action  in  the  legs  is  very 
great,  and  if  the  influence  of  the  tumour  is  chiefly  on  one  side, 
hemiplegic  weakness,  with  crossed  ansBsthesia,  is  present. 

Growths  in  the  dorsal  region  of  the  cord  luually  cause  severe 
radiating  pains  in  the  trunk,  often  accompanied  by  an  intensely  painful 
sense  of  constriction,  by  hypenssthesia,  and  sometimes  by  anesthesia. 
The  simple,  merely  sloping  course  of  the  dorsal  nerves  reveals  the  pre- 
cise position  of  the  disease  more  dearly  than  do  the  symptoms  in  the 
arms  when  the  tumour  is  in  the  cervical  region.  The  interference  with 
the  trunk-reflexes  often  corroborates  the  indications  afforded  by  the 
subjective  symptoms.  Spinal  tenderness  may  be  also  present,  but 
rigidity  of  the  spinal  muscles  is  not  common.    Beflex  action  in  Urn 
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legs  presents  the  same  excess  that  results  from  tumours  In  the  oerrical 
region,  but  sometimes,  especiallj  when  the  growth  is  near  the  lumbar 
enlargement,  or  the  pressure  myelitis  has  been  acute,  the  descending 
myelitis,  as  we  haye  seen,  may  abolish  the  reflex  action  and  remoTe 
spasm,  if  this  previously  existed. 

The  symptoms  produced  by  tumours  which  involye  the  lumbar 
enlargement  yazy  considerably  according  to  the  precise  position  of 
the  growth.  The  characteristic  pains  are  felt  in  the  legs,  and  the 
muscles  supplied  from  the  part  inyaded  or  compressed  undergo 
atrophy,  and  present  loss  of  reflex  action  and  of  myotatic  irritability; 
but  the  anaesthesia  is  often  limited  in  area.  A  growth  in  the  upper 
part  of  the  enlargement  may  cause  wasting  only  in  the  flexors  of  the 
hip  and  extensors  of  the  knee,  with  loss  of  the  knee-jerk  and  anss- 
thesia  in  the  front  of  the  thigh,  while  the  muscles  below  the  knee 
present  simple  paJsy  with  myotatic  excess.  Thus  a  man,  who  had  had 
Byphilis,  complained  of  pain  in  the  left  groin  and  thigh,  and  presented 
wasting  of  the  extensors  of  the  knee,  with  anaesthesia  in  the  front 
of  the  thigh ;  there  was  loss  of  the  left  knee-jerk,  and  a  f oot-donus 
on  each  side.  He  recovei-ed  partially,  but  there  was  doubtless  a 
small  syphiloma  at  the  upper  part  of  the  lumbar  enlargement  on 
the  left  side,  interrupting  the  reflex  arc,  damaging  the  left  motor  and 
sensory  roots,  and  compressing  both  pyramidal  tracts.  A  growth  in 
the  membranes  adjacent  to  the  middle  or  lower  part  of  the  lumbar 
enlargement  usually  causes  symptoms  of  wide  distribution,  affecting 
the  whole  of  both  legs,  and  the  early  symptoms  of  irritation  often 
involve  the  distribution  of  the  upper  lumbar  nerves.  But  a  growth 
at  the  same  level  within  the  cord  may  affect  chiefly  the  muscles  of  the 
lower  leg,  and  cause  anaesthesia  in  the  region  supplied  from  the  sacral 
plexus.  There  may  also  be  palsy  and  wasting  of  all  the  muscles  of 
both  legs,  rom  extensive  secondaiy  myelitis,  but  even  then  the  sensory 
loss  is  usually  limited.  In  lumbar  tumours  there  is  early  palsy  of  the 
bladder  and  sphincters.  Examination  of  the  sphincter  ani  shows 
absolute  paralysis,  and  not  the  pure  reflex  action  present  when  the 
disease,  arresting  voluntary  influences,  is  higher  up  the  cord.  The 
tendency  to  bedsores  is  commonly  strong  in  tumours  of  this  part. 

Growths  situated  in  the  cauda  equina,  which  are  below,  and  do  not 
affect,  the  cord  itself,  produce  symptoms  very  similar  to  those  due  to 
tumours  of  the  lumbar  enlargement,  but  the  symptoms  are  bilateral 
from  the  first  in  the  majority  of  cases.  Bardy  one  leg  is  affected 
alone  at  the  outset.  The  symptoms  usually  begin  in  the  lowest  parts 
of  the  le^s,  which  are  throu^-hout  involved  in  greater  degree  than  the 
upper  parts,  and  the  flexors  of  the  hip  may  escape  altogether. 
Muscular  contraction  is  much  less  common  than  in  tumours  situated 
higher  up.  The  anaesthesia  is  chiefly  in  the  region  supplied  by  the 
sacral  plexus ;  the  pains,  usually  very  severe,  are  first  felt  in  the  sama 
region,  and  there  may  be  severe  pain  on  each  side  of  the  sacrum 
radiating  to  the  region  of  the  sciatic  nerves.    The  muscles  below  the 
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knee  xapidlj  waite*  and  often  (but  not  always)  present  tbe  degenera- 
ti-ve  reaction.  These  symptoms  were  well  marked  and  oharacteristie 
in  the  case  figured  and  described  at  p.  612  (Fig.  179),  and  the  condi-* 
tion  of  the  muscles  suggests  that  the  absence  of  any  yoltaic  irritability 
in  the  muscular  fibres  was  due  to  their  early  and  intense  fatty  degen^ 
ration*  In  many  cases  the  symptoms  are  irregular  in  distribution,  the 
nenres  are  included  in  the  growth,  and  are  often  damaged  unequally, 
sometimes  less  than  might  be  expected  from  the  sise  of  the  tumour, 
which  may  be  considerable  before  its  expansion  is  arrested  by  contact 
with  the  bony  walls  of  the  canal.  Hence  the  loss  of  sensation  may  be 
partial,  and  reflex  action  may  not  be  completely  abolished.  In  the 
case  above  mentioned,  for  instance,  a  prick  on  the  sole  caused  a  reflex 
contraction  of  the  muscles  in  the  upp^r  parts  of  the  legs,  but  of  these 
alone.  In  many  cases,  however,  the  loss  of  sensation  has  been  abso* 
lute,  and  reflex  action  also  has  been  entirely  lost.  The  tendency  to 
trophic  changes  is  great,  and  an  affection  of  the  sphincters  is  almost 
invariable.  Cystitis  and  its  consequences  readily  occur,  and  may 
reach  a  high  degree,  in  consequence  of  residual  accumulation,  when 
the  patient  is  conscious  only  of  slight  difficulty  of  micturition. 

Multiple  tumours  (met  with  especially  in  cases  of  tubercle  and 
gliomatosis)  may  give  rise  to  very  complex  symptoms.  If  there  are 
only  two  tumours,  they  may  be  indicated  by  the  successive  develop- 
ment of  focal  symptoms,  similar  in  character  but  different  in  seat. 
In  some  cases  in  which  there  are  many  growths,  only  one  or  two  of 
the  largest  have  caused  symptoms,  and  the  smaller  tumours  have 
run  a  latent  course.  In  other  cases  in  which  many  tumours  have 
caused  slight  symptoms,  these  have  simulated  closely  a  system-disease 
of  the  cord.  Thus,  in  the  remarkable  case  recorded  by  Hughes 
Bennett,  multiple  growths  on  the  posterior  nerve*roots  produced  the 
characteristic  .manifestations  of  locomotor  ataxy.*  When  cerebral 
tumours  have  co-existed  with  multiple  spinal  growths,  the  symptoms 
of  the  latter  ha^e  usually  been  lost  in  those  of  the  intra-cranial  disease 
which  has  often  preceded  the  spinal  lesion. 

The  duration  of  the  symptoms  of  tumours  of  the  cord  and  mem- 
branes, those  of  syphilitic  nature  being  excluded,  varies  from  three 
months  to  five,  or  even  ten  years.  Equally  variable,  but  shorter,  is 
the  time  that  elapses  before  the  symptoms  reach  their  full  develop- 
ment, which  depends  partly  on  the  secondary  inflammation,  })artly  on 
the  rate  of  growth  of  the  tumour.  From  the  former  cause,  the  time 
may  be  only  a  few  days,  when  the  myelitis  is  acute ;  from  the  latter 
it  may  be  as  short  as  three  or  four  weeks,  in  tumours  of  tubercular  or 
syphilitic  nature.  In  the  majority  of  cases  death  ensues  at  the  end  of 
from  one  to  three  years  from  the  commencement  of  the  symptoms,  but 
these  last  longer  when  the  growth  is  outside  the  dura  mater  than 
when  inside  the  sheath.  The  immediate  cause  of  death  is  usually  the 
direct  or  indirect  effect  of  the  tumour ;  but  in  syphilis  death  is  i 

•  «CUn.Tniiii.,' 1885. 
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tiines  due  to  disease  elsewhere,  and  in  tubercle,  frequently  to  genera] 
pulmonary  tuberculosis  (which  usually  precedes  the  spinal  growth), 
or  sometimes  to  meningitis. 

DiiGKOSis. — ^The  evidence  of  a  growth  consists  in  the  symptoms  of 
a  focal  lesion  of  slow  development,  and  especially  in  the.  presence  of 
signs  of  compression  and  irritation  (pain  and  rigidity),  while  the  sig- 
nificance of  these  is  increased  by  indications  that  the  disease  began  at 
the  surface  of  the  cord,  and  sometimes  by  the  history  of  a  cause,  as 
syphilis.  Although  no  symptom  is  actually  pathognomonic,  yet  the 
combination  of  the  symptoms,  and  their  course,  are  in  most  cases 
sufficiently  characteristic.  Those  of  greatest  diagnostic  importance 
are,  first,  the  pain  that  is  felt  in  the  parts  at  the  level  of  the  tumour, 
or  below  it,  and  sometimes  in  the  spine;  secondly,  the  progressive 
paralysis,  motor  and  sensory.  Of  less  but  still  considerable  importance 
are  the  rigidity  of  the  muscles  of  the  spine,  the  muscular  contractions 
in  the  limbs,  and  the  early  and  marked  excess  of  reflex  action  when 
the  cord  itself  is  involved.  In  the  course  of  the  disease  the  most 
important  features  are  the  steady  progress,  of  the  symptoms,  and 
especially  their  commencement  on  one  side  and  extension  to  the  other. 
Of  causal  indications  that  occasionally  assist  the  diagnosis,  the  most 
important  are  a  history  of  constitutional  syphilis,  the  presence  of 
tubercular  disease  elsewhere,  and,  in  rare  instances,  the  existence  in 
other  parts  of  such  multiple  growths  as  are  known  to  occur  also  within 
the  spinal  canal,  especially  multiple  sarcomata  and  neuromata. 

The  diagnosis  of  multiple  growths  depends  on  the  recognition  of  the 
successive  development  of  the  characteristic  symptoms  in  more  than 
one  focus.  It  is  rare  for  more  than  two  of  many  tumours  to  cause 
definite  symptoms.  The  greatest  absolute  difficulty  in  the  diagnosis 
of  a  spinal  tumour  is  presented  by  the  cases  sometimes  met  with,  in 
which  an  intra-cranial  tumour  precedes  the  growth  within  the  vertebral 
column*  and  the  symptoms  of  the  latter  are  overlooked  in  the  presence 
of  the  severe  manifestations  of  the  former.  In  most  cases,  however, 
the  additional  symptoms,  which  usually  exist,  may  be  detected  by 
careful  observation,  and  their  significance  recognised.  Growths 
involving  the  cauda  equina  cause  symptoms  like  those  of  tumours  in 
the  lumbar  enlargement,  save  that  the  effects  are  from  the  first 
bilateral  in  even  more  pronounced  degree,  and  the  evidence  of  inter- 
ference with  the  nerves  (loss  of  reflex  action,  nerve  pain,  &c.)  is  even 
more  conspicuous. 

The  differential  diagnosis  involves  the  distinction  from  diseajses  of 
the  vertebral  bones,  of  the  membranes,  and  of  the  cord  itself.  Caries 
of  the  spine  has  many  symptoms  in  common  with  tumour,  but  the 
root  pains  are  rarely  very  severe,  and  the  effects  of  compression  of  the 
cord  are  usually  bilateral,  either  &om  the  first  or  very  soon  after  their 
commencement ;  the  paralysis  seldom  reaches  a  considerable  degree  in 
one  leg  before  the  other  suffers.  The  signs  of  bone  disease  are  rarely 
long  absent,  and  repeated  examination  xisually  reveals  tenderness  and 
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iiregalarily  of  the  yertebral  spines.  From  growths  in  the  bones  of 
the  spinal  ooliimn  the  diagnosis  may  at  first  be  impossible.  But  the 
pain  of  tumour  is  rarely  increased  by  movement  to  the  same  intense 
degree  as  when  the  growth  commences  in  the  bone,  unless  the  tumour 
is  in  the  cervical  region  of  the  cord,  and  then  the  greater  accessibility 
of  the  vertebral  column  renders  the  exclusion  of  bone  growths 
comparatively  easy  by  local  examination.  In  the  dorsal  region  a 
growth  in  the  bone  may  long  escape  detection,  but  even  here  the 
influence  of  movement  on  the  pain  is  often  extreme,  far  greater  than 
inthecaseof  tumours  within  the  canaL  Theeffectof  the  movement  of 
the  vertebra  on  the  nerve-roots,  when  oompressed  as  they  pass  through 
the  foramina,  is  far  greater  than  when  they  are  compressed  within  the 
canaL  Sooner  or  later  a  local  enlargement  may  present  itself  ex- 
ternally, and  show  the  nature  of  the  case. 

"Hypertrophic  pachymeningitis,"  affecting  the  cervical  region,  ia 
the  oidy  meningeal  disease  which  closely  simulates  the  symptoms  of 
tumour,  but  its  effects  are  usually  &om  the  first  bilateraj,  and  they 
have  a  considerable  vertical  extent.  Hence  it  is  only  with  central 
tumours,  which  grow  through  several  inches  or  more  of  the  cord,  that 
the  disease  is  likely  to  be  confounded.  In  each  malady  there  may  be 
muscular  atrophy  in  the  arms,  and  paralysis,  without  wasting,  in  the 
legs  But  in  central  tumours  the  pains  in  the  arms  are  usually  much 
slighter  than  in  the  thickening  of  the  membrane,  and  there  is  rarely 
the  eaxly  and  limited  impairment  of  all  forms  of  sensation  which  results 
from  the  damage  to  the  nerve-roots  in  the  latter  disease.  This  is  also 
true  of  syringomyelia,  in  which  tactile  sensibility  usually  persists,  al- 
though tmtypical  cases  may  present  much  difficulty.  The  diagnosis  is 
considered  more  fully  in  the  account  of  that  disease. 

The  affection  of  the  cord  itself  which  most  closely  simulates  the 
symptoms  of  tumour  is  a  very  chronic  transverse  myelitis.  In  such 
a  case  as  that  shown  in  Fig.  108,  p.  888,  the  diagnosis  may  be  a  matter 
of  extreme  difficulty.  The  radiating  pains  in  this  case  were  severe 
snd  local,  and  the  limitations  of  the  symptoms,  for  a  long  time,  to  one 
side,  with  crossed  sensory  and  motor  palsy,  presented  an  almost  perfect 
analogy  to  the  effects  of  a  growth.  But  it  is  very  rare  for  severe 
and  acute  radiating  pains  to  result  from  focal  myelitis,  although  a 
painful  sense  of  constriction  is  common;  moreover,  in  tumour,  one 
half  of  the  cord  seldom  suffers  severely  without  the  functions  of  the 
other  half  also  being  very  soon  impaired  in  some  degree.  The  limitation 
of  chronic  myelitis  to  a  single  focus  is  also  veiy  unusual ;  a  consider- 
able vertical  extent  of  the  cord  is  usually  involved  in  varying  degree. 
Hence  the  practical  difficulty  in  diagnosis  is  not  so  great  as,  at  first 
sight,  might  appear.  Acute  or  subacute  myelitis  can  only  be  con- 
founded with  a  growth  in  cases  in  which  inflammation  results  from 
pressure,  and  develops  with  independent  energy  and  rapidity.  In 
such  cases  the  occurrence  of  myelitis  must  be  recognised,  and  the 
diagnostic  problem  is  the  detection  of  the  preceding  symptoms  of  the 
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growth  that  excites  the  inflammation.  Thia  is  nsoally  easj;  the 
severe  pains,  and  oommonlj  also  the  slighter  symptoms  of  paralysis^ 
which  existed  before  the  rapid  increase  in  the  loss  of  power,  are  suffi- 
cient proof  of  a  chronic  morbid  process*  to  which  the  inflammation  is 
secondaiy. 

The  early  pains  are  often  thought  to  be  neuralgic,  but  their  con- 
stancy and  continuance  should  suggest  organic  irritation ;  their  seat^ 
moreover,  is  rarely  that  in  which  neuralgia  is  common.  The  pain 
produced  by  tumours  of  the  Cauda  equina  is  often  felt  first  in  the 
sciatic  area,  and  thought  to  be  sciatica;  but  it  is  commonly  from 
the  first  bilateral,  whilst  sciatica  is  almost  inyariably  one-sided,  and 
bilateral  sciatic  pain  should  always  suggest  irritation  where  the  sen- 
sory fibres  from  both  sides  are  near  together,  and  can  be  irritated  by  a 
single  cause,  i.  s.  it  should  suggest  disease  within  the  rertcbral  canaL 
In  all  cases,  howerer  dubious  the  early  pains  may  be,  other  symptoms 
soon  become  added,  and  prove  that  there  is  more  than  a  simple  neu- 
ralgia. But  the  efEect  of  the  organic  disease  on  other  parts  of  the 
nervous  system  may  evoke  any  functional  derangement  to  which  the 
patient  is  predisposed,  and  it  is  most  important  not  to  permit  the 
diagnosis  to  be  thereby  misled,  or  the  gravity  of  organic  symptoms  to 
be  under-estimated.* 

If  the  existence  of  a  tumour  is  dear,  two  questions  remain— its  seat 
and  nature.  The  interference  with  the  elements  of  the  cord  shows 
its  lateral  seat,  but  this  is  of  small  practical  importance  compared 
with  the  evidence  of  its  vertical  position,  in  any  case  in  which  an 
operation  is  contemplated.  The  latter  is  indicated  by  the  level  of  the 
transverse  symptoms,  especially  the  upper  level  of  the  sensoxj  or 
motor  loss,  or  sensory  irritation;  but  it  is  of  special  importance  to 
note  that  the  growth  is  often  above  this,  and  never,  or  almost  never, 
lower.  It  may  be  even  a  distance  of  three  or  four  vertebrss  above 
the  pair  of  nerves  corresponding  to  the  highest  level  of  the  ansesthesia 
or  pain.  This  discrepancy  is  especially  noticeable  when  the  growth 
is  in  the  cord;  it  is  lea^st  when  the  tumour  is  extra-dural;  and 
if  this  is  so  situated  as  to  affect  a  nerve  on  one  side,  there  is  often  a 
strict  correspondence  between  the  symptoms  and  the  situation  of  the 
lesion.  It  is  explained  by  the  upward  course  of  many  posterior  root- 
fibres. 

The  natiure  of  the  tumour  is  also  of  great  practical  importance  in 

*  Thns  the  patient  from  whom  the  tnmonr  was  removed  (see  p.  627)  had  cmee 
hftd  some  couvulaiTe  attacki,  and  the  intense  pain  dne  to  the  growth  having  eaoscd 
slight  mental  symptoms,  I  was  asked  to  see  him  to  decide  the  question  of  the 
hysterical  nature  of  the  affection.  The  fact  is  peculiarly  instructive  from  a 
diagnostic  point  of  riew.  Not  less  so  is  a  case  of  central  glioma  in  a  ^ri  (sent 
to  me  hy  Mr.  P.  B.  Mason,  of  Barton-on-Treut),  in  which  a  central  growth  io  the 
cervical  region  extended  up  into  the  medulla,  and  caused  at  last  universal  palsy. 
Tiie  first  symptoms  immediately  followed  severe  mental  disturbance  |  to  this  they 
were  naturally  ascribetl,  and  thought  to  be  funotionaL  ▲  similar  sequence  Is  mel 
u  iih  in  cerebral  tuuiourd  {q. «.). 
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manj  cases.  If  the  patient  has  had  oonstitutional  syphilis  the 
syphilitic  nature  of  the  growth  is  highly  probable,  and  the  probability 
is  further  raised  in  degree  if  the  growth  deyeloped  rapidly,  so  that  the 
symptoms  attained  a  considerable  intensity  in  less  than  three  months 
from  their  onset.  The  co-existenoe  of  a  cerebral  lesion  also  increases 
the  likelihood  of  the  syphilitic  nature  of  the  growth.  Either  of  the 
last  two  considerations  suggests  the  same  conclusion  in  any  case  in 
which  syphilis,  although  not  proved,  is  possible;  but  it  must  be 
remembered  that  cerebral  and  spinal  tumours,  of  other  than  syphilitic 
nature,  may  co-exist.  In  the  same  way,  tubercular  and  scrofulous 
processes  suggest  the  tubercular  nature  of  a  tumour.  Most  cases  of 
tubercular  growths  have  occurred  in  adults,  the  subjects  of  phthisis. 
The  diagnosis  is  made  more  probable  by  rapidity  of  course,  by  the 
speedy  extension  of  the  symptoms  to  the  second  side,  by  the  siightness 
of  evidence  of  irritation,  and,  in  some  cases,  by  periods  of  arrest  of  the 
progress  of  symptoms  that  were  slow  in  their  development.  Such 
arrest  indicates  an  arrest  of  the  growth  of  the  tumour,  which  we 
cannot  infer  from  the  subsidence  of  symptoms  that  developed  rapidly, 
and  may  have  been  due  to  secondary  inflammation.  Wlien  a  rapid 
onset  is  due  to  this  cause,  irritation  symptoms  are  usually  pro- 
nounced.* Tumours  elsewhere  always  constitute  strong  evidence  of 
the  nature  of  one  in  the  cord,  but  such  an  indication  is  rarely  avail- 
able, since  the  spinal  canal  is  rarely  the  seat  of  secondary  growths. 
Hydatids  can  only  be  diagnosed  if  others  are  present  where  their 
nature  can  be  recognised;  this  has  hardly  ever  been  the  casein  the  rare 
instances  in  which  such  tumours  have  existed  within  the  spinal  cord« 
Multiple  tumours  are  probably  either  tubercle,  sarcoma  or  neuroma. 
In  the  absence  of  these  indications  a  meningeal  tumour  is  probably  a 
sarcoma,  perhaps  fibrous  or  myxomatous,  and  one  within  the  cord  is 
probably  a  glioma  or  tubercular,  because  these  are  the  most  frequent 
growths  in  those  situations.  A  diagnosis  founded  on  mere  frequency 
of  occurrence  has  necessarily  only  a  low  degree  of  probability,  and 
must  be  sometimes  wrong;  but  it  may  be  highly  probable  that  the 
growth  is  one  of  two  or  three  kinds,  and  this  may  be  of  considerable 
practical  value.    To  the  surgeon  the  point  is  of  great  importance. 

Pboohosis. — ^Unless  the  tumour  is  syphilitic,  or  can  be  removed, 
the  prognosis  is  necessarily  most  grave.  Of  all  syphilitic  lesions, 
growths  are  those  that  are  most  amenable  to  treatment,  and  the 
effects  of  which  most  certainly  pass  away  if  they  have  not  reached 
an  extreme  degree  or  lasted  too  long  a  time.  U,  however,  the  damage 
has  been  allowed  to  xemain  unchecked  for  several  months,  recovery 

*  That  numbness  in  the  left  le^,  with  ineraased  tendtiyeneis  to  pain  in  the 
tliigh,  wet  qaickly  followed  by  complete  panplegia  i  the  hyperesthesia  beoame 
restricted  to  the  region  supplied  by  the  first  lumbar  nenres.  Death  oeeorred  two 
months  after  the  onset  of  the  symptoms^  and  a  tnberoolar  tnmonr  was  found  in  the 
upper  part  of  the  Inmbar  enlargement,  occupying  almost  the  whole  thicknees  of  iha 
cord  (Ludeck,  « Jahrh.  d.  Hambufg.  StaatskrV  1896). 
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may  be  imperfect.  Tamonn  of  most  other  kinds  steadilj  increase,  and 
the  resulting  dama^  is  on  the  whole  steadily  progressiTe,  although  its 
course  maj  be  varied  by  stages  of  rapid  (myelitic)  increase  in  the 
symptoms,  followed  by  stationary  periods  and  even  by  transient 
improYement.  In  the  case  of  growths  outside  the  cord  the  prognosis 
has  been  rendered  much  less  gloomy  by  the  progress  of  surgery. 

Tbeatment. — ^If  the  growth  is  syphilitic,  appropriate  treatment 
should  be  energetic  and  prompt,  so  as  to  effect  some  diminution  of 
the  pressure  as  quicMy  as  possible,  since  the  longer  this  continues 
the  more  considerable  are  the  degenerative  changes,  and  the  longer 
these  will  endure.  Even  the  influence  of  a  few  days  before  treatment 
becomes  effective  may  make  a  difference  of  weeks  in  the  duration  of 
symptoms,  and  lessen  the  d^;ree  of  ultimate  recovery.  Whenever 
the  symptoms  suggest  a  tumour,  and  syphilis  is  possible,  it  is  most 
important  that  suitable  treatment  should  be  employed;  it  can  do  no 
harm  if  the  tumour  is  not  syphilitic,  and  may  save  the  patient's  life 
and  strength  if  it  is.  Syphilis  can  only  be  excluded  when  there  has 
been  no  possibility  of  infection.  In  many  cases  of  Lite  syphilitic 
lesions  there  is  no  history  of  secondary  syphilis,  and  in  others  there  is 
no  history  of  a  primary  sore.  Hence  it  is  a  priori  certain  that  in  some 
oases  of  late  lesions  a  history  of  both  primary  sore  and  secondazy 
symptoms  will  be  absent,  and,  as  a  matter  of  fact,  such  cases  are  met 
with  not  unfrequently.  Of  course  these  cases  cannot  be  counted  as 
syphilitic  in  any  scientiflo  investigation  into  the  influence  of  this 
^sorder,  but  in  treatment  we  have  often  to  allow  weight  to  considera- 
tions which  are  insufficient  to  influence  scientific  investigation,  and 
treatment  determined  by  the  mere  possibility  of  syphilis  is  often 
justified  by  its  results.  Tubercular  tumours  are  aLso  amenable  to 
treatment  to  some  extent,  but  they  are  too  rare  to  be  of  much  practical 
importance. 

In  most  other  cases  we  can  do  little  more  than  treat  symptoms, 
relieving  pain  by  sedatives,  watching  the  state  of  the  bladder, 
preventing  the  occurrence  of  cystitis,  and  guarding  the  patient 
from  bedsores.  We  must  remember  that  sedatives  w^  probably  be 
needed  for  a  long  time,  and  they  must  therefore  be  used  as  sparingly 
as  possible,  lest  custom  and  tolerance  deprive  them  of  their  power. 
Cocaine  may  be  used  in  many  cases  as  an  aid  in  economising  the 
influence  of  morphia. 

But  many  tumours  within  the  spinal  canal  may  be  removed,  at  any 
rate  if  they  are  outside  the  substance  of  the  cord.  The  anticipation 
that  such  growths  would  be  found  removable  was  expressed  in  the  first 
-edition  of  this  book  (1886),  in  words  that  may  be  quoted  because 
they  were  soon  afterwards  realised: — "Modem  methods  render  the 
opening  of  the  spinal  canal  far  less  formidable  than  it  formerly  was, 
and  the  removal  of  a  tumour  from  the  membranes  of  the  oord  would 
involve  less  immediate  danger  of  serious  oonaequeneos  than  the 
removal  of  a  tumour  from  the  brain.'* 
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On  the  other  hand,  growths  within  the  spinal  cord  are  in  a  rerj 
different  position  with  regard  to  surgical  procedure,  since  the  removal 
of  such  a  tumour  could  hardlj  fail  to  cause  a  traumatic  inflammation 
that  would  damage  and  perhaps  destroy  all  the  elements  of  the  cord  at 
the  spot,  and  would  probably  be  permanent  in  its  effects,  especially 
when  these  structures  have  already  suffered  from  pressure.  At  the 
same  time  the  early  remoyal  of  a  small  growth  might  possibly  be 
followed  by  the  regeneration  of  conducting  fibres  that  are  on  the  other 
side  of  the  organ,  and  the  return  of  their  function,  lost  only  through 
the  effects  of  pressure. 

In  a  man  with  complete  paraplegia,  motor  and  sensory,  of  slow 
deyelopment,  accompanied  by  attacks  of  agonising  spasm,  a  diagnosis 
of  tumour  led  me  to  adyise  the  remoTsl  of  the  growth.  This  was  done 
by  Mr.  Horsley,  and  the  result  has  been  the  permanent  recovery  of  the 
patient.  Although  the  intense  spastic  paraplegia  showed  that  there 
must  have  been  complete  degeneration  of  the  pyramidal  fibres,  every 
indication  of  this  has  passed  away.  The  tumour  was  a  myxofibroma, 
about  the  size  of  a  split  almond,  which  had  so  compressed  the  cord  in 
the  upper  dorsal  region  as  to  reduce  its  thickness  to  about  one  half.  It 
was  within  the  dural  sheath,  and  adherent  to  the  cord.*  It  is 
certain  that  many  growths  might  be  removed  without  difficulty,  and 
with  a  secure  result,  although  not  many  instances  have  been  since 
recorded. 

In  connection  with  an  operation,  a  question  sometimes  arises  that 
is  of  very  great  importance,  and  often  of  equal  difficulty.  The  sym- 
ptoms are  consistent  with  the  syphilitic  nature  of  the  growth ;  and  this 
cause  and  nature  cannot  be  excluded,  except  by  the  disproof  afforded 
by  the  inutility  of  treatment.  But  it  is  essential  that  this  disproof 
should  be  afforded  before  an  operation  is  decided  on ;  and  the  question 
arises,  how  long  should  be  allowed  for  this  process  of  practical  exclusion, 
— how  long  should  treatment  be  continued  without  result  to  justify 
the  last  resort  P  It  needs  to  be  longer  when  the  symptoms  are  of  con- 
siderable duration  than  when  they  are  recent,  since  secondaiy  changes 
of  long  duration  cannot  be  quickly  removed.  Time  is  needed  in  every 
instance  to  permit  a  trustworthy  conclusion,  but  a  month  is  pro- 
bably always  enough  to  enable  a  result  to  be  reached  that  will  justify 
either  further  delay  on  the  one  hand,  or  immediate  procedure  on  the 
other. 

Finally,  one  injunction  given  by  Mr.  Horsley  may  be  emphatically 
endorsed.  If  it  is  dear  that  the  growth  is  not  syphilitic,  and  that  no 
good  can  be  done  by  other  treatment,  delay  in  an  operation  can  only 
cause  harm — can  oxily  result  in  a  less  favourable  state  for  the  proceed- 

*  The  dtftafk  of  the  operatloii  m  foU  of  Imtroetioii  In  nienom  lo  similar 
prooedarw,  and  m  given  in  llie  aooonnt  of  the  case  in  the  '  M6d.-Chir.  Tmna./ 
voL  lixi,  1888.  Tbo  rargical  aspect  of  tho  aabjeot  Is  too  largo  to  bo  onU*rva  on 
liero. 
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ingy  less  dbaaoe  of  recoyery,  less  degree  of  lecoTerj,  longor  and  greater 
KofEerixig^  and  should  on  eyexy  ground  be  avoided. 


OAVITIES  AND  FISSTJEES  IN  THE  SPINAL  COED 

(STBIKGOMTBLIA,  HTDBOMYXLIA,  HTDBOBBHAOHI8  IHTXBNA).* 

Oavities  in  the  spinal  cord,  distended  with  liquid,  are  met  with  at 
all  ages,  and  those  which  present  certain  features,  and  often  cause 
certain  symptoms,  are  now  known  by  the  above  terms.  The  following 
figures  illustrate  the  most  important  facts  regarding  this  morbid  state, 
and  its  somewhat  complex  conditions  will  be  best  understood  by  con* 
aidering  the  appearances  presented  in  these,  and  their  signi£canoe» 
as  described  in  the  explanations. 

The  term  ''Syringomyelia"  is  applied  to  all  cavities  in  the  cord 
with  well-defbed  limits ;  but  the  majority  of  these  (with  the  exception 
of  such  as  exist  in  tumours  of  manifestly  different  nature),  whatever 
their  condition  or  form,  or  the  changes  they  have  undergone,  are  sur- 
rounded by  a  layer  of  embryonal  neuroglial  tissue,  and  outside  this 
the  white  substance  of  the  cord  is  deficient  in  amount.  Wherever 
met  with,  or  whatever  the  secondaiy  changes  the  tissue  presents,  this 
fact  of  environment  stamps  the  cavity  or  cavities  (for  there  may  be 
two)  as  congenital,  because  this  abnormal  material  is  due  to  a  pei^ 
sistenoe  of  the  embryonal  tissue  from  which  the  cord  is  developed. 
The  cavities  are  thus  due  partly  to  defective  closure  of  the  tube  which 
is  first  formed  (residual  portions  of  which  become  distended  by 
accumulation  of  liquid"),  and  partly  to  the  breaking  down  of  this  per* 
sistent  embryonal  tissue  or  to  tissue  formed  from  it  by  a  process  of 
growth.  Moreover  the  cord  sometimes  suffers  serious  damage  from 
pressure,  owing  to  the  distension  of  the  cavity  by  the  liquid  which 
accumulates  within  it,  or  by  growth  of  the  adjacent  tissue.  The  con- 
dition is  not  rare,  but  is  often  overlooked,  especially  in  its  slighter 
forms,  and  is  readily  misinterpreted  when  it  is  associated  with  acquired 
disease— as  in  the  condition  illustrated  in  Fig.  109,  p.  385,  which  ii 
veiy  instructive  in  this  connection.  The  term  "  Hydromyelia "  has 
been  applied  to  the  simpler  forms,t  in  which  the  cavity  is  merely  the 

*  Darin {^  the  last  few  yean  many  cases  of  this  disorder,  in  whieh  the  oondltioB 
was  verifled  by  post-mortem  examination,  ha^e  been  published  in  this  eountry,  as 
well  H«  in  FrHnce,  Qermany,  and  America.  Several  monographs  have  a1«o  appeared, 
the  most  noteworthy  being  thoie  of  Hoffmann  (^DentscU.  Ztsch.  f.  Nerrenheilk./ 
1802)  and  Schlesinger  (*<  Die  Syringomyelie^"  *  Leipiig  and  Wien,  Frans  Dmtioke^* 
1895).  To  these  the  reader  is  referred  for  mora  detailed  informatioa  on  this 
interesting  disease. 

t  Seo  Leyden,  <  Virehow'a  Arehlv.'  Bd.  IxtUI,  p.  1.    HofiVnann  Qoc.  dt.)  4i«idsi 
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dilated  central  canal ;  but  as  there  is  no  real  difference  between  this 
and  other  yarieties,  the  designation,  being  unnecessary  and  even  mis- 
leading, is  falling  into  disuse. 

To  understand  the  origin  of  these  conditions  it  is  necessary  to 
remember  the  mode  of  development  of  the  spinal  cord.  The  sides  of 
the  primitiye  furrow  of  the  embryo  coalesce,  so  as  to  form  a  canal  of 
relatively  large  size,  the  walls  of  which  are  thinner  in  front  and 
behind  than  at  the  sides,  and  consist  of  elongated  cells,  some  of  which 
are  arranged  regularly  at  the  inner  surface  of  the  cavity,  like  ao 
epithelium.  The  anterior  wall  first  becomes  thickened,  to  form  the 
white  commissure  and  the  front  part  of  the  grey,  while  an  abundant 
growth  of  cells  occurs  at  the  sides  of  the  tube,  and  extends  forwards 
(i.  6.  downwards  in  the  position  of  the  embryo),  thus  forming  the 
lateral  and  anterior  columns ;  between  these  two  projections  is  the 
depression  of  the  anterior  fissure.  Next  occurs  a  growth  backwards 
of  the  now  thick  sides,  which  forms  the  posterior  parts  of  the 
lateral  columns  and  the  adjacent  part  of  the  posterior  columns,  and 
with  this  the  posterior  roots  are  connected ;  this  forms  the  "  root- 
zone  "  of  the  posterior  colunms.  The  posterior  median  colunms  are 
formed  later.  The  central  canal  extends  backwards  between  these 
two  rudimentary  postero-extemal  columns,  being  closed  behind  only 
by  a  thin  layer  of  cells.  As  the  posterior  columns  increase  in  thick- 
ness the  posterior  part  of  the  canal  becomes  narrowed,  and  its  walls 
unite  near  its  anterior  extremity  so  as  to  form  the  posterior  grey 
commissure,  and  divide  the  canaJ  into  two  parts.  Of  these  the  ante- 
rior becomes  the  permanent  canaJ,  while  the  posterior  is  reduced  to  a 
narrow  fissure  between  the  posterior  columns.  Ultimately  this  poste- 
rior narrow  part  becomes  closed  bj  a  growth  of  cells  which  occurs 
from  behind  forwards,  as  the  median  parts  of  the  posterior  columns 
develop.  All  these  parts  consist  first  of  embryonal  cells,  which 
afterwards  undergo  a  transformation  into  the  nerve-elements  proper, 
and  the  order  of  transformation  is  the  same  as  that  in  which  the 
parts  were  formed,  the  posterior  median  colunms  latest.  The  cells  of 
the  grej  matter  are  formed  before  the  fibres  of  the  white  columns. 
Some  of  the  embryonal  elements  undergo  a  different  and  slighter 
change.  Thej  may  almost  be  said  to  persist,  constituting  the 
neuroglia,  and  the  gelatinous  grey  substance  continuous  with  it 
arotmd  the  cord,  and  also  massed  at  the  posterior  root  fissure  and 
around  the  central  canal. 

The  central  canal  ultimately  lies  in  the  anterior  part  or  middle  of 
the  grey  commissure.  It  may  persist  through  life  as  a  cavity,  cir- 
cular in  section,  or  as  a  slit,  antero-posterior  or  transverse,  and  is 
lined  with  epithelium   (Fig.  188).      Aroimd  the  canal  there  are 

the  caiet  as  foUowtt — I.  Hydromyelns*  which  rum  a  latent  course  without  reco?- 
nisable  symptoms.  II  a.  Primary  (central)  f^liosii,  with  or  without  hydrumyeius : 
(1)  without  cavity  fonuHtion;  (2)  with  splits  and  cavity  formation*  lib.  Central 
gliomatosis,  with  or  without  cavity  formation. 
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usTianj  many  nuclear  elements,  especially  on  each  side  of  it»  and  I 

these  f i-equently  fill  up  the  lumen  of  the  canal,  so  that  its  position  is  . 

indicated  onlj  by  an  oval  mass  of  small  cellular  elements  (Fig.  183,  d). 
The  obliteration  of  the  canal  often  occurs  quite  early  in  life,  and  is  no  j 

evidence  of  any  morbid  process.    The  canal  may  be  found  obliterated 
in  one  part  of  the  cord,  and  patent  in  another  (o,  D,  Fig.  183).    The  | 

simple  closure  of  the  canal  by  nuclei  does  not  usually  catiseany  disten- 
sion of  the  part  which  is  aboye  the  closed  portion,  or,  at  any  rate,  not  ' 
more  than  a  yery  slight  increase  in  size,  so  trifling  that  its  aigmfi- 
canoe  is  open  to  question. 

^      -----.   :.^  Syringomyelia   occurs    chiefly  in  the 

^--/r'--'-:<-'.-^^:^'j.-'.\:<^l  ■■■-'-^  oeryical  and  upper  dorsal  regions  of  the 

cord.    The  cayity  is  often  closed  below 

by  gliomatous  tissue,  and  the  exoess  of 

this  may  extend  up  into  the  medulla  and 

eyen  pons.    Occasionally  the  cavity  exists 

'I'^r -     .  It  /   ri'    •    \     through  the  whole  length  of  the  cord, 

'^"-  -,''^"^^"'''^''---.-----^         and  may  extend  into  the  medulla  oUon- 

^^v'  gata»  and  then  affect  the  aqueduct  of 

Sylyius  and  the  tissue  around  it. 

^'f^l;'  v"  •  I^  *^®  simple  condition  found  in  young 

^v   '^||a.  :  '  children,  or  in  adults  when  no  secon- 

V   ^^'i^jK    ;  daiy  changes  haye  occurred,  the  morbid 

"'"'    •  change  presents  the  two  features  already 

mentioned — ^a  quantity  of  tissue  of  trans- 

_     lucent  aspect,  which,  from  its  structure, 

^i:-  ^^  .      .;      :^  -        i*  clearly  persistent  embryonal  tissue  in 

*^^ .1^_;  ^        .  >^  :-^-,     which    nerye-elements   haye   not   deye- 

^x  /  loped,  and  a  cayity  due  to  imperfect  con- 

^        ^  traction  of  the  canal     The  change  is 

^^r.;^"u..trfi:?  'i-'y-  f-fi-fd  to  the  poBtmor  half  of 

a  transverHe  slit  in  A,  a  vertical  the  cord,  and  usually  to  the  postenor 

elit  io  c  (from  the  coniu  medul*  columns,  which,   as  we  haye  seen,  are 

i;f:^ht'u'H„fdt"co1lt';  formed  laat.    It  may.  however,  be  p«s 

epithelium  and  surroanded  by  sent  in  one  or  both  posterior  homs^  in 

ocUular  element^  rounded,  or  ^j^^j^  cayities  also  may  be  formed.    The 

atiffular      from     compression,  .  .      ^         i^  i   ^.  , 

mingitd  with  granulee.  lu  D,  persistent  embryonal  tissue  may  be  eyi- 
which  is  from  the  same  spinal  clently  increased  by  a  process  of  yarions 
rll"  °o;c'!:;u!nj?.l.*o'f  degrees  of  growth,  andthe  cavity  enkrgea 
nuclear  tissue.  by  distension.    Further,  when  the  persis- 

tent tissue  ia  considerable  in  quantity  it 
may  break  down,  and  thus  giye  rise  to  a  new  cayity,  or  enlarge  tiiat 
which  has  developed  from  the  primitive  canal.  Thus  the  cavity  may  be 
distinct  from  the  canal,  and  in  some  cases  the  abnormal  tissue  aroimd 
it  is  very  small  in  amount,  and  reduced  eyeca  to  a  mere  walL  It  may 
also  be  separate,  because  it  is  the  hinder  port  of  the  embryonal  canal, 
cut  o£E  by  coalescence  of  the  walla. 
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These  conditions  ajre  shown  very  well  in  the  adjoining  figures,  after 
Leyden  (Figs.  184, 185).  In  the  first,  at  a,  the  cavity  presents 
nearly  the  shape  which  it  has  at  one  period  of  development,  before 
the  formation  of  the  posterior  columns  is  completed,  and  without 


Fio.  184. — Syringomyelia,  from  a  child  two  years  old,  with  encephalocele  mid 
absence  of  oerebellum.  (After  Lejden.)  In  A,eenrica1  region,  the  oentrnl  ranal 
Is  large,  lined  with  epitheliain,  and  from  it  a  medial  fissure  extends  backwHrds 
nearly  to  the  periphery  of  the  cord,  limited  by  a  layer  of  homogeneoas  tlMnei, 
more  *bnndant  at  the  posterior  limit.  In  R,  lower  down,  the  fissure  is  enlarged 
to  a  cavity  of  considerable  rize,  while  in  C  it  is  still  Inrger,  and  the  posterior 
columns  are  reduced  to  a  narrow  lone  between  the  layer  of  Ussne  which  bonnda 
the  cayity  and  the  grey  sub«tHnce. 

the  separation  into  two  parts  produced  by  the  formation  of  the  pos- 
terior commissure.  It  is  bounded  by  a  narrow  layer  of  embryonal 
tissue,  which  widens  out  behind,  having  nearly  the  shape  of  the  pos- 
terior median  columns,  which  are,  as  we  have  seen,  the  last  to  be 
formed.  In  b  and  c  the  cavity  is  much  larger,  and  the  posterior 
columns  are  smaller,  either  by  an  earlier  arrest  of  development  or  by 
greater  distension,  or,  most  probably,  by  the  influence  of  both  these 
agencies.  The  cavity  extends  up  to  the  posterior  surface  of  the  cord, 
and  is  closed  in  there  only  by  a  narrow  layer  of  cellular  structure. 

In  Pig.  185  we  have  somewhat  more  complex  conditions.  The 
cavity  in  the  first  section  closely  resembles  in  appearance  that  in  a  of 
the  last  figure,  but  differs  in  the  important  fact  that  the  posterior  com-, 
missure  has  apparently  been  formed  and  the  central  canal  developed 
in  the  normal  manner,  although  it  has  become  obliterated  by  nuclei. 
This  is  clear  if  the  commissure  is  compared  in  the  several  figures. 
The  cavity,  therefore,  does  not,  as  in  Fig.  184,  represent  the  whole  of 
the  primitive  canal,  but  only  the  posterior  portion  after  its  division. 
The  adjacent  tissue  is  much  more  abundant  than  in  the  other  case. 
The  projection  into  the  posterior  extremity  of  the  cavity  indicates  a 
process  of  active  growth,  which  is  also  shown  by  the  irregularity  of 
the  cavity  in  b,  the  large  amoimt  of  tissue,  and  the  wide  separation  of 
the  posterior  horns.  In  c,  from  the  lower  part  of  the  cord,  the 
embryonal  tissue  occupies  two  oval  areas  in  the  posterior  column  (by 
mistake,  clear  in  the  figure),  while  the  cavity  is  closed  or  nearly  so. 
(Lower  down,  a  cavity  existed  in  the  centre  of  each  of  these  areas, 
apparently  due  to  breaking  down  of  the  tissue.)  In  d,  again,  the 
embryonal  tissue  occupies  only  the  middle  line,  as  a  wedge-shaped 
area,  due  to  the  defective  formation  of  the  medial  part  of  the  posterior 
columns.  It  has  been  mentioned  that  the  neuroglia  may  be  regarded 
as  a  persistent,  slightly  modified  embryonal  tissue,  and  these  exuberant 
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masses  of  tissue  bear  considerable  resemblance  in  stmcture  to  gliomatai 
80  that  the  condition  has  been  called  "  gliomatosis.*'  In  each  of  these 
cases  the  brain  participated  in  the  defect  of 
development;  there  was  internal  hjdro- 
I  oephali^,  and  the  cerebellum  was  absent. 
The  cavities  in  the  adult  cord  present 
manj  yarieties.  The  most  common  form 
resembles  in  its  essential  features  the  con- 
genital disease  which  we  have  just  con- 
sidered. Between  the  two  there  are  also 
differences,  but  the  resemblance  is  suffi- 
ciently close,  and  the  origin  of  the  differ- 
ences is  sufficienUy  clear,  to  make  it  prac- 
tically certain,  as  already  mentioned,  that 
the  two  forms  are  really  the  same,  and 
^  that  the  form  met  with  in  adults  is  the 
congenital  condition,  persisting  imtil  later 
/  life.    Of  the  characters  which  this  form  has 

L^^^^£^^£^^A  u^  common  with  the  congenital  disease,  the 
^PH^HhHBb  most  important  are  tiie  position  of  the  cayi- 

^HV  Jb  JBf  ties  and  the  presence  of    tissue  in  their 

^^•^^*^^  C  yicinity  of  embryonal  or  gliomatous  nature. 
The  differences  depend  on  an  apparent 
increase  of  this  tissue  by  a  process  ol 
growth,  on  the  greater  damage  to  the  other 
parts  of  the  cord  by  the  distension  of  the 
cavity,  and  on  the  extent  to  which  the  for- 
mation of  new  cavities  or  enlargement  of 
185.  —  Syrinuromyelin,  old  Ones  takes  place  by  a  process  of  disin- 
from  a  chUd  Hgnd  two  and  a  tegration  of  the  newly  formed  or  persistent 

hMif  yenn,  with  internal  liy-     .  r»«        i  .        i  i  *         •■ 

drocephalua  and  absence  of  tissue.  The  damage  to  the  cord  produced 
oerebelluiD.  (After  Ley  den,  \)j  distension  of  the  cavity  involves  most 

•Virchow'g      Arch./      Bd.    .i.  j    i  •  /•  .^         mi_ 

Ixvili.)  A.  B.  cervical  re-  ^^®  ^^^^  ^^^  ^^^^  resistmg  parts.  The 
^on ;  gelatinous  (embryo-  grey  substancc,  therefore,  suffers  in  greatest 
aal)  tissue  in  the  posterior  degree ;    the  white  columns  to  an  extent 

eohiinns  encl0i<e8  a  medial    ,,  i  j      •  _x  xv 

cavity,  lined  in  pbices  with  that  depends  m  part  on  the  precise  posi- 
cylindrical  epithelium,  and  tion  of  the  Cavities,  as  presentiy  to  be  d»- 
tottt^::S;S''c:n'r''8  scribed.  The  latter  aJao  present,  in  many 
lowt-r  dorsal;  in  eac  h  poste-  cases,  the  complicating  changes  of  second- 
rior  column  is  a  masa  of  ^^  degeneration,  ascending  or  descending, 

giinilar  gelatinous  substance  ,  •       tv        -io/*     j         x      xt_ 

(which,   by   a   mistake,    is  ^    shown    m    J?lg.    IbO,    due   tO    the    COm- 

sh.wn  in  C  as  an  open  pression  of  certain  tracts  at  some  specially 

cavity).        In    D,    lumbar  „  ff^ot^d  snot 

region,  this  tissue  occupies  anecteu  spoi. 

only  the  position  of  the  pos-      As    the    simplest    condition,    we    may 

terior  median  columns.  i^^^y^  ^  dilatation  of  the  central  canal 
surrounded  by  gliomatous  tissue  disposed  as  in  congenital  cases* 
This  tissue  is  often  more  abundant,    and  forms  a  more  distinct 
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mass,  lower  down  the  oord, 
below  the  cayitj.  A  good 
example  of  this  condition  in 
slight  degree  is  presented  bj 
the  cord,  the  seat  of  chronic 
mjelitis,  represented  at  Fig. 
109,  p.  385.  In  the  cervical 
region  (a)  there  is  a  large 
central  canal,  bounded  bj  a 
thick  layer  of  gliomatous 
tissue.  In  the  inner  part  of 
this  tissue,  limiting  the  cayitjf 
is  a  sinuous  membrane,  fibrous 
in  structure.  The  origin  of 
this  membrane  is  not  easy  to 
explain,  but  it  is  often  found 
in  cavities  of  this  character, 
and  is  evidence  of  the  similar 
nature  of  those  that  differ 
much  in  other  respects.  In 
the  lumbar  region  (b)  the 
tissue,  which  bounds  the  cavity 
in  the  other  section,  forms  a 
large  round  mass  in  the  posi- 
tion of  the  canal,  obliterating  it. 
When  a  central  cavity  ap- 
pears not  to  be  the  canal  itself, 
but  to  be  situated  behind,  it  is 
then  apparently  often  due  to  a 
persistence  of  the  fore-part  of 
thi  posterior  portion  of  the 
canal,  aSter  the  posterior  com- 
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FlO.  180.— SyriDgomjelia,  from  s 
case  of  tntnoars  of  the  pons  and 
eanda  equina,  with  soine  diffaio 
■cleroeis  in  the  dorsal  region  d 
the  oord.  A,  B,  and  C  are  sectiona 
of  the  cervical  enlnrgement.  Th« 
large  cavity  in  A  ia  perhaps  the 
dilated   canal,  since  it   is  lined   in 


■^.- 


front  with  epithelitim,  hat  in  front  of  it.  In  the  posterior  commissnre,  is  a  group  of 
nuelei  like  an  obliterated  canaU  The  tone  of  tissue  around  the  cyst  ii*  compoi^d  of 
interlacing  fibres  and  nnolei,  and  processes  extend  from  it  into  the  posterior 
columns  both  in  front  and  behind.  lu  B  the  cavity  is  smaller  and  the  wall 
thicker,  while  In  C  the  tissue  about  it  forms  a  considerable  ma8^,  and  a  second  small 
cavity  has  formed  in  the  middle  line,  apparently  by  the  breaking  down  of  the  tiasue. 
In  the  dorsal  region  (D)  there  was  merely  an  unusually  large  nccumulation  of  nuclei 
in  the  position  of  the  canal,  whioh,  in  the  lumbar  region,  had  the  normal  aspect  (R). 
The  cord  presenta  degeneration  of  the  right  pyramidal  tract  (de«cending  from  the 
tumour  in  the  pons),  and  of  the  post,  med,  oola,  and  ant.  lat.  ascending  tract,  pro- 
bably ascending  from  the  sclerosis. 
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missTiTe  has  been  formed.  In  Fig.  186,  for  instanoe,  we  haTe  a 
central  cayitj,  but  in  the  commissure  in  front  of  this  is  a  mass  of 
nuclei  having  the  usual  aspect  of  an  obliterated  canal.*  The  cavitf 
is  surrounded  by  a  zone  of  tissue,  which  in  a  and  b  sends  off  a  fringe 
of  processes,  especially  backwards.  This  tissue  is  increased  in  the 
lower  part  of  the  cervical  region  (o).  In  b  a  small  cavity  is  formed 
between  the  tissue  and  the  grey  matter  by  breaking  down,  and  in  o 
another  exists  in  the  middle  line  behind  the  growth,  probably  due  to 
deficient  closure  of  the  original  fissure,  and  increased  by  a  destructive 
process.  Still  lower,  the  commissure  resumes  its  normal  appearance, 
but  the  collection  of  nuclei  in  the  position  of  the  canal  is  unusually 
^g^  (i>)*  In  the  lumbar  region  the  canal  is  patent  (s).  The 
degeneration  of  the  posterior  median  column  and  of  the  lateral 
columns  is  secondary. 

We  have  seen  that  in  the  congenital  cases  we  must  recognise  a 
process  of  growth  of  the  persistent  embryonal  tissue  to  account  for 
some  of  the  conditions  met  with,  and  a  Hke  process  is  suggested  by 
the  central  mass  in  Fig.  109,  b.  Hence  it  is  not  surprising  that  in 
many  cases  the  growth  should  attain  the  dimensions,  and  assume  the 
characters,  of  a  positive  tumour.  In  most  cases  the  tumour  has  been 
oentral  in  position,  and  has  had  the  structure  of  a  glioma.  It  has 
occupied  a  large  part  of  the  area  of  the  cord  at  a  certain  level.t  In 
the  chapter  on  the  tumours  of  the  cord  it  has  been  pointed  out  that 
sarcomata  also  may  grow  from  the  tissue  around  the  central  canaL  a» 
in  the  case  shown  in  Fig.  181.  Hence  it  is  not  surprising  that  the 
condition  of  syringomyelia,  even  if  this  is  congenital  in  origin,  should 
be  •  frequently  associated  with  definite  tumours.  The  growths  have 
often  been  multiple,  apparently  the  result  of  a  wide-spread  tendency,  and 
perhaps  connected  with  a  wide-spread  persistence  of  embryonal  tissue^ 
of  which  remarkable  instances  are  sometimes  met  with.  In  the  case 
shown  in  Fig.  186  there  was  a  tumour  of  the  pons  and  also  one  of  the 
Cauda  equina.  The  nature  of  the  growths  is  uncertain,  but  they  were 
probably  either  sarcoma  or  glioma.  The  same  tendency  to  morbid 
growths  is  illustrated  also  by  Fig.  187,  which  is  similar  in  many  respects 
to  that  just  considered.  In  this  case  also  there  was  a  tumour  of  the 
pons  and  one  of  the  cauda  equina,  and  there  was  also  a  oentral 
growth  in  the  dorsal  region,  occupying  the  greater  part  of  the  area  of 

*  Thii  is  the  probable  interpretation.  At  the  same  time  it  ii  possible  thst  the 
nuclei  have  not  this  significance,  and  that  it  is  really  the  central  canaL  It  is  often 
more  ditiicult  thsn  inig^ht  be  ima^ned  to  eay  whether  a  cavity  does  or  doee  not 
represent  the  cenirHl  canal.  The  presence  or  absence  of  an  epithelial  lining  faae 
generally  been  taken  ns  a  criterion,  but  it  is  doubtful  whether  this  has  any  aignifl* 
eance.  Around  the  whole  of  the  original  cavity  the  inner  layer  of  cells  is  arranged 
as  an  epiLheliuin,  and  if  any  part  of  it  persista  it  is  probable  that  epithelinm  will 
persist  also.  Moreover  the  epithelium  often  disapp<  ars  from  the  wsU  of  the  dilated 
central  canal  itself;  always  where  it  Is  enlarged  b^y  breaking  down  of  tissue, 

f  As  in  an  interesting  case  described  and  figured  by  Riesinger,  'Tirchow'e 
Archiv/  Bil.  xcviii. 
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the  cord,  to  which  the  ascending  def^enerations  were  secondary, 
there  is  a  large  central  caritj  which  is  probably  not  the  central 
since,  as  in  the  last  figure, 
the  position  of  this  is  marked 
by  the  ovaJ  group  of  nuclei 
in  the  anterior  part  of  the 
grey  commissure.  The  zone  f 
of  tissue  which  bounds  it  is  | 
narrow,  but  a  few  processes 
are  given  off  behind.  In  b, 
first  dorsal,  this  tissue  forms 
a  compact  mass,  and  the  pro- 
cesses are  numerous  and  very 
similar  to  those  in  the  last 
figure.  In  c  the  commissure 
is  reduced  almost  to  normal 
conditions.  In  this  cord  we 
haye  also  an  instance  of  the 
fact  that  cavities  may  occur 
in  other  parts,  very  similar 
in  their  general  characters  to 
those  that  occur  in  the  central 
region.  In  b  a  large  cavity 
occupies  the  intermediate 
grey  matter  and  posterior 
comu  on  the  right  side,  with 
some  morbid  tissue  bounding 
it  on  the  medial  side.  In 
o     the     cavity    is    smaller 

Fie.  187. — Syringomyelia,  from  a  ease  In  which  there  were  tamoart  in  tbe  dorsal 
region  of  the  cord,  the  cauda  equina, and  the  pons  Varolii.  A,  mid-oenrical  region. 
A  large  oval  cavity  lies  behind  the  grey  commissure,  surrounded  by  a  narrow  wal^ 
chiefly  composed  of  fine  fibres,  bnt  with  a  wavy  membrane  on  the  inner  8urfa«t» 
In  front  of  the  posterior  eommiMnre,  an  oral  group  of  nuclei  has  the  aspect  of 
an  obliterated  central  canaL  ▲  few  short  processes  extend  from  the  wall  of  the 
cavity  into  the  posterior  columns.  There  ia  secondary  ascendin?  de^ireneration  of 
the  post.  roed.  cols.,  right  direct  pynimidal  tract,  and  ascending  antero-lateral 
tract  iu  all  the  sections.  B,  fii-st  dorsal.  Behind  the  posterior  commissure  is  a 
growth  consisting  of  small  cells, round  and  fusiform, the  latter  with  round  nuclei. 
It  contHiiiA  many  vessels  with  thickened  walla.  A  fringe  of  fine  processes  extenda 
(rom  it  into  tl<e  posterior  columns.  An  irreprular  cavity  occupies,  on  the  ri^ht 
side,  the  posterior  half  of  the  grey  matter,  which  is  reduced  to  a  narrow  layer 
arounil  the  vj^t.  This  is  lined  by  a  delicate  nucleated  membrane,  outside  which 
is  a  thicker  menibrane,  lying  in  folds,  the  section  of  which  is  thus  sinuous.  Out- 
side this  asrain  is  a  small-celled  growth  similar  to  that  behind  the  commissure. 
In  C,  a  little  low^,  this  cavity  is  smaller,  the  sinuosities  of  the  wall  greater,  and 
the  trrowth  outside  it  more  abundant.  (Still  lower  the  area  was  entirely  occupied 
by  the  growtlt.)  In  the  posterior  commissure  there  it  only  a  quantity  of  loote 
nucleated  tissue  in  the  situation  of  the  growth.* 

*  For  the  opportunity  of  drawing  these  sections  I  am  indebted  to  Dr.  Diesehfeld* 
A  full  socount  of  the  case  has  been  published  by  Dr.  Harris  in  'Brain,'  Jan.,  1886L 
Tbe  large  growths  were  sarcomata. 
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and  the  tiBsiie  around  it  is  more 
abundant,  but  easily  dietinguiali* 
able  from  the  grey  substanceb 
while  a  little  lower  down  the 
cavity  disappeared  and  the 
tissue  formed  a  compact  rounded 
mass.  The  cavity  is  lined  by  a 
delicate  layer  of  cellular  mem- 
brane; outside  this  is  a  fibrous 
membrane,  lying  in  folds  which 
appear  as  sinuosities  in  the 
section.  The  existence  of  this 
membrane  shows  that  the  cavity 
is  not  simply  formed  by  the 
breaking  down  of  the  tissue. 
The  tissue  is  quite  similar  in 
structure  to  that  which  is  behind 
the  commissure  in  b.* 

The  posterior  comu  ia  not 
in  uncommon  seat  of  caTitiei» 
which  may  extend  through  the 
whole  length  of  the  horn.  An 
example  of  this  is  shown  in  Fig. 
188.  ELsemorrhage  had  occurred 
into  the  cerrical  region  of  the 
cord  (a),  which  was  enlarged 
and  distended  with  blood,  so 
that  the  precise  character  of  the 
cavity  in  this  region  was  indis- 
tinguishable;  the  blood  also 
filled    the   cayity  through   the 

*  In  counecUuii  with  th«  tumour  of 
the  raada  eqaina  in  these  two 
it  may  be  mentioned  that  the 
coincideDce  hai  been  obserred  in  other 
instances.  There  was  a  tnmoor  in  that 
situation,  for  instance,  in  the  case  de> 
scribed  by  Bissinger,  who  rightly  re- 
garding the  Condition  as  congenital 
in  origin,  ^ngge^ts  that  the  tnmoor 
may  be  connected  with  the  fact  that 
the  embryonal  cord  occnpied  the  entire 
length  of  the  canal. 

Fin.  188. — Seciions  of  a  spinal  c^rd  in  which  a  cavity  existed  throughout  its  length. 
Hasmori  liHgo  in  the  cervical  region  was  the  immediate  cause  of  death.  The  extra* 
vasatioii  had  thero  distended  the  cord  (A),  and  had  burst  into  the  carity,  which 
was  Hlled  wiih  blood.  A  smaller  cavity  exi!<ted  in  the  ri;;ht  oomu,  in  the  upper 
dofKal  region  (B).  In  most  pm  ts  the  inner  surface  wax  slightly  irregular,  as  if  pro* 
duced  by  breaking  down  of  the  tissue,  but  near  the  pofiitinn  of  the  central  canal  a 
sinuoud  membrane  existed  in  places,  without,  however,  any  epithelial  covering. 
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entire  length  of  the  cord.  In  the  upper  dorsal  region  (b)  there  ax6 
two  canities,  one  in  each  posterior  comu,  but  that  on  the  right  ceased 
a  little  lower  down,  while  the  other  extended  to  the  lumbar  region^ 
as  shown  in  the  figure,  reaching  almost  to  the  surface  of  the  cord. 
The  upper  and  inner  extremity  of  this  cavity  is  in  the  position  of 
the  central  canal,  no  other  trace  of  which  exists.  There  is  some 
abnormal  tissue  in  the  neighbourhood  of  the  commissure,  and  also 
in  c,  where  irregular  tracts  pass  transversely  from  the  median  septum 
into  the  fore-part  of  the  posterior  columns.  The  presence  of  this 
tissue,  and  the  relation  to  the  central  canal,  suggest  a  congenital 
origin.  During  the  reduction  in  size  of  the  canal,  in  the  development 
of  the  cord,  the  cavity  presents  at  one  period  short  lateral  processes, 
and  we  can  therefore  understand  how  a  still  earlier  arrest  of  develop- 
ment may  lead  to  the  persistence  of  a  lateral  process  on  one  side  or 
both,  surrounded  by  residual  embryonal  tissue,  and  that  the  cavity 
should  afterwards  extend  in  this  tissue  or  in  the  grey  matter  by  a 
process  of  growth  and  disintegration,  such  as  probably  had  occurred  in 
Fig.  188,  D.  A  comparison  of  d  and  e  suggests  that  the  two  cavities 
were  united  in  the  middle  linq  in  the  upper  part  of  the  cord,  where 
the  hsamorrhage  took  place. 

In  the  conditions  we  have  hitherto  considered,  definite  limited  regions 
of  the  cord  have  been  involved  through  a  considerable  vertical  extent. 
The  changes  are  sometimes,  however,  much  more  dilEuse  in  their  dis- 
tribution, as  is  shown  by  the  remarkable  lesions  represented  in  Fig. 
189.  In  this  cord,  which  is  that  of  an  adult,  we  have  a  combination 
of  the  same  two  conditions  of  abnormal  tissue  and  cavities.  Scattered 
through  the  nerve-substance  are  tracts  of  a  peculiar  tissue,  represented 
by  the  darker  shading  of  the  figure,  and  in  many  regions  thus  affected 
there  are  cavities,  for  the  most  part  fissure-like,  as  if  the  cord  had  been 
split  here  and  there.  At  first  sight  the  appearance  suggests  an  active 
and  recent  morbid  process ;  nevertheless  I  think  that  the  congenital 
origin  of  the  condition  is  beyond  doubt.  It  will  be  observed  that  the 
morbid  changes,  as  in  the  other  forms  of  syringomyelia,  are  chiefly  in 
the  posterior  half  of  the  cord ;  small  areas  of  disease  in  the  author 
columns,  in  the  sections  s  and  r,  are  the  only  exceptions.  The  minute 
structure  of  the  abnormal  tissue  was  exactly  like  that  of  the  normal 
gelatinous  layer  beneath  the  pia  mater.  Besides  the  conspicuous  areas 
6gurcd,  it  could  be  traced  here  and  there,  in  small  tracts,  through  the 
whole  of  the  posterior  columns  and  the  hinder  parts  of  the  lateral 
columns,  and  also  in  the  posterior  horns,  in  the  grey  matter  of  which 
it  could  be  readily  distinguished.  The  relation  of  ike  cavities  to  this 
substance  is  distinct ;  where  they  extend  beyond  it«  this  is  apparently 
the  result  of  the  distension  of  the  cavities  and  an  actual  fissuring  of 
tlie  cord,  along  the  lines  of  connective  tissue,  by  the  pressure  of  the 
contained  liqui(^.  The  medial  cavity  in  o  is  doubtless  due  to  defective 
closure  of  the  original  fissure  between  the  posterior  columns.  In  the 
lumbar  region  the  nerve- fibres  are  absent  from  the  front  of  the  posterior 
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colunma,  where  a  coarse  network  of  this  reddoal  tiasue  endoaet 
empty  spaces. 

The  damage  to  the  grej  matter  maj  entail  alterations  in  the  related 
nerves,  and  eren,  in  cases  of  long  duration*  in  those  connected  with 
the  posterior  roots.  In  the  peripheral  nenre-fibres  of  the  skin  and 
muscles,  changes  of  the  ordinary  chronic  degeneratiFe  character  were 
found  by  Dejerine  in  cases  in  which  sensation  was  altered  or  the 
muscles  wasted. 

Thus  these  Tarious  forms  of  syringomyelia,  in  spite  of  their  Taria- 
tions  in  seat  and  form  and  general  aspect,  when  closely  studied,  seem 
all  to  be  connected  with  gliomatous  tissue ;  and  that  the  morbid  state 
takes  its  origin  in  abnormal  conditions  during  the  derelopment  of  the 
eord  is  practically  certain  from  their  seat  and  features.  This  lesson  is 
dearly  taught  by  the  facts  shown  by  the  cases  here  illustrated.  It  is 
probable,  therefore,  that  this  conclusion  is  also  true  of  eayities  of 
similar  diaracter  and  position  in  which  no  gliomatous  tissue  can  be 
recognised;  and  most  of  the  hypotheses  regarding  the  origin  of  such 
caTities  from  processes  of  simple  myelitis  and  the  like  have  no  suffi- 
cient foundation.  But  we  are  still  ignorant  of  the  mechanism  bj 
which  the  defect  in  the  process  of  deyelopment  is  brought  about.  It 
has  been  eztensiTely  ascribed  to  an  inflammation  of  the  embryonal 
neuroglia  at  an  early  stage  of  derelopment,  but  of  this  there  is  no 
real  eyidence.  It  is,  moreoTer,  no  explanation  to  assume  a  primary 
intra-uterine  hyperplasia  of  the  embryonal  tissue.  It  is,  indeed, 
possible  that  more  than  one  morbid  process  during  the  early  stage 
of  deyelopment  may  cause  the  condition,  and  that  closure  of  the 
eansl  below  may  have  consequences  during  development  which  it  has 
not  at  a  later  period.  But  it  is  important  to  recognise  the  fact  that 
there  is  a  gradation  between  the  chief  varieties,  and  that  some  are 
associated  with  developmental  defects  in  the  brain,  to  which  they  can 
only  be  related  as  the  common  expression  of  a  defect  in  the  develop- 
mental tendency  of  the  germinal  tissue ;  and  what  must  be  true  of 
some  forms  is  probably  true  of  most.  This  may  seem  only  to  push 
the  difficulty  into  the  region  of  the  inexplicable,  but  it  is  only  placing 
the  origin  of  the  malady  where  we  are  compelled  to  refer  the  causa- 
tion of  so  many  congenital  diseases,  which,  after  all,  bear  but  a  small 
proportion  to  the  physiological  characteristics  that  spring  from  the 
same  source.  From  tiiese  considerations  it  is  probable  that  cases  of 
syringomyelia  are  divisible  into  two  classes :  (1)  those  in  which  there 
is  a  congenital  anomaly  which  may  afterwards  take  on  a  process  of 
overgrowth  as  distinguished  from  development,  characterised  clinically 
by  very  gradual  onset  of  symptoms  lasting,  it  may  be,  throughout 
several  years ;  (2)  those  in  which  there  is  actual  central  new  growth, 
frequentiy  with  cavity  formation ;  and  it  may  be  associated  with  new 
growths  elsewhere  —  glioma,  sarcoma,  syphiloma, — in  which  the 
course  is  a  much  more  rapidly  fatal  one. 

The  symptoms  of  the  disease  have  followed  some  illness,  mental 
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■hook  or  anxiety,  and  tratunatio  influ- 
enoes,  bnt  it  is  probable  tbat  in  no 
ease  bare  these  done  more  than  excite 
the  manifestations  of  pre-existing  dis- 
ease, or  induce  local  changes  in  the 
morbid  state.  The  possible  influence 
of  iajurj  has  certainly  been  oyer- 
estimated,  since  in  some  of  the  cases 
in  which  it  seemed  eff ectiTe  the  maladj 
was  unquestionably  oongenital,  and  the 
traumatic  influence  only  terminated  its 
latent  stage.* 

Symptoms. — The  manifestations  of 
syringomyelia  depend  on  the  secon- 
dary processes  of  distension  and  growth, 
and  the  damage  thus  produced  to  the 
functional     elements     of    the   eord.t 

*  Among^  the  chief  pHpers  io  which  the  sah* 
Jeet  will  be  foand  ditfoassed  are  those  of  Schaltxe 
(lee  below)  r  Hellich, '  Arch.  Bohime  d.  Med.,' 
1890,  iii.  No.  4 1  Krontbal, '  Neur.  CentralU,' 
1888,  p.  883 1  Oppenheim,  *  Charit^  Annalen/ 
1886,  p.  409 1  Hoflinaon  and  Schlesinger,  loo. 
cit 

t  Thejr  hare  been  f  aUy  described  by  Schaltte^ 
'Zeitochria  f.  kUn.  Med.,'  1888^  p.  625|  and 
*  Verb.  Gong.  Inn.  Med.,'  188o ;  and  by  Allen 
Btarr,  *  Am.  Jonm.  Med.  Science,'  1888,  voL  zer. 


Fio.  189. — Cavitieii  in  the  spinal  cord.  A,  mid* 
cervical,  presenting  merely  some  increase  of 
Connective  tissue  in  the  left  lattral  column. 
In  B  there  are  several  cavities  hiiving  the 
aspect  of  distended  fissures,  the  largest  in  the 
middle  line  of  the  posterior  columns  and  the 
right  poMterior  comni  smaller  ones  in  the 
lateral  columns.  Adjacent  to  each  is  a  quan* 
iity  of  dense  tissue,  which  had  a  peculiar  and 
nnitorm  structure.  It  consisted  of  a  rery 
fine  network  of  fibres  with  minute  nuclear 
bodies  in  the  interstices.  No  larger  cells 
were  observed.  Throughout  the  posterior  and 
lateral  columns  this  tissue  could  be  seen,  here 
and  there,  thickening  the  neuroglia,  where 
no  conspicuous  masses  were  formed.  It  could 
also  be  traced  in  the  posterior  eornu,  and  waa 
readily  distinguished  from  the  spongy  sub* 
stance  by  its  slighter  staining.  Tlie  distri* 
hut  ion  of  this  tissue  is  shown  in  the  other 
sections  by  the  darker  shading.  In  C  tho 
fissure  In  tho  middle  line  is  narrow.  In  B 
and  F  the  anterior  part  of  the  posterior 
columns  contained  a  coarse  network  or  this 
tissue,  and  no  nerve-fibres.  The  central 
canHl  \\':\^  obliterated,  but  the  g^^'^up  of  nuclei  that  marked  its  podtion  eoold  bs 
traced  tnroagbout,  the  cord. 
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Henoe  fhe  state  is  sometimes  discovered  after  death,  when  it  liaa 
giyen  rise  to  no  symptoms,  and  its  existence  has  not  been  suspected 
during  life.  In  young  children,  indeed,  it  appears  never  to  cause  any 
definite  symptoms,  while  the  disturbance  of  function  is  variable  in 
occurrence  and  degree — ^much  more  so  than  in  character.  The  central 
position  of  the  disease  entails  considerable  uniformity  in  the  distri- 
bution of  its  local  consequences,  and  hence  also  in  the  derangement  of 
function  that  results  from  simple  increase  in  the  lesion  either  by  dis- 
tension or  growth.  Hence  the  symptoms  are  often  such  that  they 
have  considerable  diagnostic  importance,  although  in  a  minority  of 
cases  they  are  less  uniform  in  character,  probably  because  the  disease 
is  unsymmetrical,  or  irregular  in  position  or  extension,  whether  the 
symptoms  are  due  to  the  distension  of  a  cavity,  or  to  this  combined 
with  adjacent  growth  of  tissue.  It  then  often  causes  symptoms  indis- 
tinguishable from  those  of  a  tumour  of  neoplastic  nature.  Moreover 
the  precise  level  at  which  the  chief  morbid  process  takes  place  leads 
to  a  corresponding  variation  in  the  position,  and  therefore  in  the 
general  aspect,  of  the  symptoms  it  produces.  The  fact  that  the  lesion 
is  almost  always  greater  at  the  cervical  region  causes  the  arms  to  be 
the  most  common  seat  of  its  manifestations,  while  the  occasional  inva- 
sion of  the  fourth  ventricle  by  the  associated  growth,  and  the  occur- 
rence of  coincident  secondary  changes  in  this  part,  explain  the  involve- 
ment of  some  of  the  cranial  nerves  that  has  been  met  with  in  a  few 
instances. 

The  symptoms  are  usually  of-slow  development,  increasing  gradually 
in  the  course  of  years.  Their  main  features  are  twofold,  of  which 
one  is  clearly  and  certainly  intelligible,  while  the  explanation  of  the 
other  IB  a  matter  of  hypothesis,  although  also  not  difficult  to  under- 
stand, at  least  in  part,  if  the  opinions  expressed  in  the  chapter  on  the 
functions  of  the  cord  are  correct.  The  two  leading  features  are  loss 
of  sensibility,  chiefly  to  pain  and  temperature,  and  muscular  atrophy, 
resembling  in  characters  that  met  with  in  the  "  progressive  "  spinal 
form.  Of  the  two,  the  sensory  loss  is  the  earlier  and  more  constant. 
The  muscular  atrophy  is  a  necessary  consequence  of  the  damage  to 
the  anterior  comua  from  the  compression  they  endure,  when  and 
where  the  central  cavity  or  adjacent  growth  attains  such  a  size  as 
to  damage  them  seriously,  and  they  may  be  reduced  to  a  mere  lone 
between  the  cavity  and  the  outer  ring  of  white  substance.  The  de- 
struction of  the  motor  nerve-ceUs  involves  the  degeneration  of  the 
nerves  and  the  wasting  of  the  muscles.  The  loss  of  sensation  is 
intelligible  if  the  path  of  painful  impressions  is  by  the  posterior 
oommissure.*  The  enlargement  of  the  central  canal  and  disease  in 
its  vicinity  can  hardly  fail  to  damage  early  and  much  the  fibres  that 
cross  at  the  level  of  the  chief  lesion,  and  constitute  the  path  from 
posterior  roots  not  veiy  far  below.    The  course  of  thermal  sensations 

*  St'e  p.  224  M  to  a  tract  in  the  grey  commisbare  deeoribed  hj  CiMglin^ki  ('Netir. 
Cent./  1896). 
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b  still  qnite  xmtaiown;  tlie  onlj  fact  we  haTe— Hie  freqaenqr  widi 
wUch  such  lensibilily  and  that  to  pain  are  inTolred  together — ^points 
to  contigaitj  of  path,  and  prevents  surprise  at  the  special  affection  of 
this  form  of  sensibility  in  syringoni jelia.  Tactile  sensations  are  lost 
onlj  in  rare  cases;  onr  ignorance  of  their  path  prevents  ns  from  ex« 
plaining  the  fact,  bnt  we  know,  from  other  facts  of  disease,  that  it  is 
distinct  from  that  for  pain«  Moreover,  the  occasional  localisation  of 
the  morbid  process  in  the  posterior  oolumns,  and  even  comna,  may 
explain  the  involvement  of  all  forms  of  sensibility,  and  also  its  occa- 
sional restriction  in  area,  since  it  may  be  due  to  direct  interference 
with  the  posterior  root-fibres  after  they  have  entered  the  cord. 

In  many  cases  the  affection  of  sensation  of  pain  and  temperature  is 
equal;  in  others  the  latter  is  lost  to  a  greater  degree  and  extent  than 
the  former.  Its  loss  is  often  the  earliest  symptom,  as  the  scars  of 
bums  may  show.  The  loss  to  heat  and  cold  may  not  correspond. 
Thermal  or  painful  hypersasthesia  has  preceded  the  loss,  as  with  other 
forms  of  sensation  when  destroyed  by  processes  that  slowly  damage 
the  fibres,  and  irritate  before  they  interrupt.  Perversion  of  sensation 
has  been  noted,  heat  being  felt  as  cold,  and  vice  versa.  Spontaneous 
sensations  are  common,  doubtless  from  the  irritation  of  the  fibres 
in  the  early  stage,  or  of  their  upper  portions  when  they  are  inter- 
rupted— ^feelings  of  heat  or  cold,  and  in  some  cases  pains,  various  in 
character,  sometimes  paroxysmal  like  neuralgia,  or  sharp  and  brief 
like  those  of  tabes,  and  occasionally  referred  to  the  joints,  or  felt 
chiefly  in  some  part  adjacent  to  the  seat  of  the  other  symptoms. 
Pain  in  the  spine  may  be  complained  of,  and  is,  perhaps,  a  direct 
effect  of  the  disease.  Cramps  also  and  shooting  pains  sometimes  occur. 
Often  the  malady  causes  no  suffering.  The  loss  of  sensation  is 
usually  sharply  limited,  and  the  arms  or  upper  half  of  the  trunk  are 
its  common  seat.  It  is  usually  found  in  the  same  part  as  the  mus- 
cular wasting,  but  is  more  extensive,  especially  below  the  seat  of 
at3t>phy.  Thus,  when  the  muscles  of  the  shoulders  and  upper  arms 
only  are  wasted,  the  sensoxy  loss  may  be  in  the  forearms  and  hands. 
This  we  should  expect  from  the  fact  that  the  crossing  of  the  sensoiy 
path  is  some  distance  above  its  entrance  into  the  cord,  while  the  motor 
roots  arise  from  nerve-ceUs  mostly  near  their  level  of  exit.  Exceptions 
may  be  due  to  the  affection  of  the  root-fibres,  as  explained  above. 
Further,  the  fact  that  the  distension  and  damage  always  extend 
through  a  considerable  vertical  area  of  the  cord  makes  the  relation 
^of  the  two  sets  of  symptoms  more  extensive  and  less  regular  than  if 
the  disease  were  limited  to  a  small  region. 

The  ''muscular  sense''  is  said  to  have  been  generally  normal  when 
tested.  Oocasionally  there  has  been  unsteadiness  on  standing  with 
the  eyes  dosed. 

The  motor  symptoms  usually  come  on  after  the  sensory  loss,  long 
after  in  slight  cases,  and  consist  in  muscular  weakness  and  wasting 
in  the  upper  limbs;  while,  if  the  legs  suffer,  it  is  generally  from  simple 
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spastic  paralysis,  such  as  would  result  from,  and  is  no  doubt  due  to, 
compression  of  the  pyramidal  tracts  by  the  disease  in  the  upper  part 
of  the  cord.  It  is  rarely  complete.  The  unsteadiness  of  move- 
ment above  mentioned  we  may  connect  with  the  tendency  of  the 
lesion  to  involve  the  posterior  columns,  and  so  probably  to  inter- 
fere with  the  path  from  the  muscles  to  the  cerebellum.  Harely  there 
is  atrophy  of  the  legs  similar  to  that  of  the  arms,  and  in  such  cases 
the  disease  extends  into  the  lumbar  enlargement.  Keflex  action  in 
the  legs  varies  according  to  their  state ;  it  may  be  normal  or  increased : 
the  knee-jerks  are  often  augmented,  with  rectus-  and  foot-clonus,  or, 
in  the  cases  last  mentioned,  myotatic  irritability  may  be  lost — very 
rarely  on  one  side  only.  A  curious  tremor  of  the  limbs  has  been 
noted  in  some  cases. 

The  muscular  atrophy  in  the  arms  begins  in  and  chiefly  affects 
certain  parts,  according  to  the  position  of  the  greatest  damage  to  the 
grey  matter  of  the  cord.  It  may  be  in  the  hand  and  region  of  the 
ulnar  nerve,  or  in  the  muscles  supplied  by  the  musculo-spiral  and 
radial  nerves,  or  in  the  shoulder  and  upper  arm  muscles.*  It  is  a 
alow  wasting,  with  gradual  lowering  of  the  electrical  irritability,  as  in 
progressive  muscular  atrophy,  although,  as  in  that  disease,  some 
groups  of  muscles  may  present  indications  of  the  reaction  of  degene- 
ration in  the  early  stdge  of  their  affection.  Fibrillation  is  common. 
As  the  wasting  and  weakness  increase  in  the  part  first  affected,  they 
spread  to  others,  to  the  rest  of  the  limb,  and  to  the  adjacent  parts  of 
the  trunk.  Weakness  of  the  trunk  muscles  often  leads  to  IsLt'nl 
oorvature  of  the  spine ;  and  the  convexity,  owing  to  posture,  is  usually 
to  the  left  The  occurrence  of  similar  symptoms  in  the  legs  is  ex- 
tremely rare.  Both  sides  usually  suffer  together ;  a  unilateral  affec- 
tion has  ind^  been  observed,  but  is  altogether  exceptional.  The 
sphincters  may  escape  or  be  involved. 

Trophic  disturbances  in  the  extremities  affected  with  sensoiy  loss 
are  not  uncommon.  The  skin  may  become  thin  and  glossy,  or  thick 
and  homy.  Acute  changes  may  occur — eczema,  herpes,  or  bullsB; 
whitlows;  deep,  obstinate  ulceration,  and  even  gangrene.  More 
frequent,  however,  is  simple  vaso-motor  disturbance,  coldness  and 
lividity  of  the  extremities,  or  redness  with  swelling  and  heat,  and 
sometimes  a  tough  oedema,  which  may  be  local  like  a  tumour,  and 
afterwards  pass  away.  The  nails  share  the  trophic  changes  in  the 
hands,  becoming  grooved,  fissured,  and  cracked ;  they  may  even  drop 
off.  The  secretion  of  sweat  is  lessened  in  the  part,  as  was  well  marked 
in  one  unilateral  case,t  or  it  may  be  increased.    The  action  of  pilo- 

*  Klocq  thinks  that  spastic  paraplegia  it  chiefly  met  with  in  the  CHses  in  which 
the  atrophy  begins  in  the  region  of  tlie  ulnar  nerve,  and  tabetic  symptoms  in  the 
le^s  when  it  begins  in  the  radial  area ;  bat  the  data  for  the  generHlisation  need  to  be 
more  extensive. 

t  Allen  Starr,  '  Am.  Jonnu  Hed.  So«'  May.  1888;  Bnmpf,  •  Near.  Cent./  1889. 
p.  257. 
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curpine  lias  been  found  to  be  delayed,  altbongh  ultimately  increased 
(Orasset).  The  bones  may  become  thickened  or  brittle,  and  joint 
changes  (Charcot's  joint),  Uke  those  of  tabes,  sometimes  occur.* 

It  is  not  common  for  the  symptoms  to  extend  into  the  region  of  the 
cranial  nerres^  although  in  occasional  cases  various  disturbances  of 
function  haye  occurred,  presumably  due  to  the  extension  of  the  changes 
into  the  medulla  and  pons,  and  chiefly  met  with  when  there  is  upward 
extension  of  the  associated  growth,  already  mentioned.  Thus  there 
haTe  been  paralysis  of  one  vocal  cord,  or  of  both,  of  the  tongue,  the 
palate,  and  of  the  f  ace»  difficulty  in  swallowing,  disorder  of  respiration 
and  of  the  heart's  action.  Taste  and  smell  may  be  affected,  and  there 
may  be  sensory  impairment  in  the  face.  Certain  disorders  may 
occur  in  the  eyes,  probably  due  to  disease  of  the  path  of  the  sympa- 
thetic in  the  cord,  or  to  that  of  the  fourth  ventricle.  Thus  the 
pupib  are  often  unequal,  the  smaller  being  on  the  side  of  the 
more  severe  cord  symptoms,  on  which  the  fibres  for  the  radiating 
muscle  of  the  iris  •  are  likely  to  be  damaged.  Narrowing  of  the 
palpebral  fissure  and  slight  ptosis  have  been  also  noted.  Nystagmus 
is  not  rare.t 

The  course  of  syringomyelia  is,  as  a  rule,  slow,  and  measured  by 
years,  although  an  apparent  exception  is  presented  by  the  cases  in  which 
it  is  associated  with  spreading  overgrowth  of  the  adjacent  gliomatous 
tissue,  or  in  which  acute  destructive  processes  occur  in  this  and 
spread  to  its  vicinity.  In  such  cases  a  considerable  development  of 
the  disease  may  be  attained  before  symptoms  are  produced*  and  these 
may  rapidly  reach  a  considerable  degree,  and  cause  death  in  a  few 
months  or  even  less.  In  most  cases  death  is  the  result  of  exhaustion, 
of  the  impairment  of  the  functions  of  the  medulla,  or,  more  com- 
monly, of  some  complication — bedsores,  cystitis,  and  the  like. 

DiAGKOSis. — The  resemblance  of  the  disease  to  more  common 
maladies  led  to  its  confusion  with  them  during  life,  until  the 
careful  observations  of  the  last  few  years  have  established  features  by 
which  its  existence  can  often  be  at  least  surmised.  The  most  im- 
portant characteristic  is  the  combination  of  muscular  atrophy  with 
still  earlier  sensory  loss,  involving  temperature  and  pain  far  more 
than  tactile  sensibility.  But  the  occasional  implication  of  all  forms 
of  sensation  must  be  kept  in  mind,  and  also  the  fact  that  in  slight 
and  slow  or  anomalous  cases  the  sensory  symptoms  may  long  predomi- 
nate, and  for  a  time  exist  alone.  The  position  of  these  symptoms 
(in  the  arms),  and  their  frequent  combination  with  spastic  palsy  in 
the  legs,  is  a  further  characteristic— not>  however,  unequivocal. 

Cervical    pachymeningitis    causes    symptoms    which,  in  general 

•  Kiuln,  «Arch.  f.  klin.  Chir^  Bd.  xlv|  'Neur.  Centralb./  1898.  p.  100; 
Bokoloff,  '  Deutscb.  ZtMhr.  f .  Chir.,'  BcLxxxifi  'Naur.  Centralb.,'  1893,  ji.  lulj 
Galloway, '  Lancet,'  1891,  toI.  L 

t  Contraction  of  the  fields  of  Tiilon,  eipecially  for  ooloon,  has  >'en  observed,  but 
t  not  easy  to  explain  (Dejerine  and  Torland). 
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character  and  in  distribution,  alike  in  the  arms  and  the  le^, 
very  doselj  resemble  those  of  sjringomjelia  ;  but  the  affectiou 
runs  a  more  rapid  course,  the  anaesthesia  involTes  all  forms  of 
senBibilit^y  and  has  not  a  greater  but  a  less  extent  than  the  muscular 
wasting;  the  two  correspond  more  doselj  in  their  seat;  pain  is  a 
£ar  more  prominent  symptom,  and  the  reaction  of  degeneration  is 
common  in  the  wasting  muscles.  Tumours  of  the  spinal  cord  only 
cause  symptoms  of  like  character,  and  especially  of  similar  symmetiy, 
when  they  are  central  in  situation,  and  the  diagnosis  may  then  be 
T0ry  difficult  and  even  impossible.  But  the  resemblance  is  often 
more  than  superficial,  for  such  growths  generally  arise  from  residual 
gliomatouB  tissue,  and  are  such  as  are  frequ^itly  associated  with 
syringomyelia.  It  is  chiefly  from  the  more  rapid  deTelopment  of 
symptoms,  and  their  more  speedy  extension,  that  such  a  growth  can 
be  suspected;  and  only  the  presence  of  slighter  chronic  preceding 
symptoms  of  the  character  above  described  would  justify  the  expecta- 
tion that  a  cavity  is  associated  with  the  growth. 

Progressive  muscular  atrophy  is  suffidently  distinguished  by  the 
absence  of  impairment  of  sensation,  and  in  peripheral  neuritis  the 
pains,  mode  of  onset,  and  degenerative  reaction  in  the  musdes  should 
preclude  any  danger  of  mistake.  In  "  Morvan's  disease,"  to  be  pre- 
sently described,  the  symptoms  may  bear  a  dose  resemblance  to  those 
of  syringomyelia,  and  it  is  probable  that  they  are  due  to  a  similar 
condition  of  the  spinal  cord,  so  that  it  is  to  be  recognised  merdy  as  a 
variety  of  syringomyelia.  As  a  rule,  however,  the  early  loss  of  tactile 
sensibility,  and  the  greater  prominence  of  trophic  disturbance  in  the 
tissues,  especially  the  painless  whitlows,  enable  the  diagnosis  to  be 
made.  There  is  only  one  acute  affection  of  the  cord  that  enters  into 
the  diagnostic  problem,  and  that  is  spinal  hsemorrhage.  It  has  been 
mentioned  in  the  account  of  this  condition  that  the  hsemorrhage  ii 
sometimes  into  a  pre-existing  cavity — as  in  the  case  shown  in 
Fig.  188.  The  presence  of  a  cavity  into  which  the  blood  has  been 
effused  may  be  suspected  if  the  hsemorrhage  has  been  preceded  by 
any  symptoms  suggestive  of  syringomyelia,  inquiry  for  which  should 
always  be  made ;  or  if  a  rapid  extension  occurs  through  a  consider* 
able  vertical  extent  of  the  cord,  distinctly  abolishing  its  centnl 
tunctions. 

The  malady,  however,  varies  much  in  seat  and  diaracters,  as  is 
evident  from  even  a  cursory  glance  at  the  illustrations  given  above; 
the  symptoms,  of  necessity,  vary  with  the  lesion.  The  diagnosis  may 
be  difi&cult  and  even  impossible  in  such  cases,  espedally  in  the  early 
stages  and  slighter  forms,  when  irritation  and  pain  predominate,  and 
even  neuralgia  may  be  simulated.  It  may  be  necessary  to  wait  for 
time  to  show  the  course  of  the  symptoms.  Their  progressive  increase, 
in  spite  of  variations,  should  always  be  taken  into  account;  it  fre- 
quently is  the  first  feature  that  suggests  the  nature  id  such  a  disease, 
contrasting,  as  it  does,  with  the  tendency  of  inflammatory  affections 
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to  arrest  and  improTement.  A  peculiar  difficnliy  is  presented  bj  the 
cases,  not  few,  in  which  the  first  symptoms  follow  some  influence — 
an  illness,  a  blow,  or  eren  mental  disturbance — ^that  seems  to  be  their 
cause,  and  suggests  disease  of  very  different  nature.  Often  then,  also, 
it  is  only  by  waiting  and  watching  that  a  right  opinion  can  be  formed. 
When  bulbar  symptoms  come  on  rapidly,  the  nature  of  the  case  can 
only  be  inferred  from  preyious  spinal  symptoms. 

The  F&oavosu  and  T&batmbvt  of  syringomyelia  are  subjects  on 
which,  imfortunately,  its  nature  permits  little  to  be  said.  If  its 
existence  can  be  recognised  the  malady  is  generally  adranced,  and  its 
observed  rate  of  progress  is  the  only  ground  on  which  a  forecast  can 
be  based.  When  the  central  functions  of  the  cord  are  considerably 
impaired,  and  the  symptoms  are  steadily  increasing,  it  is  rare  for  life 
to  be  prolonged  for  more  than  one  or  two  years,  and  the  subacute 
onset  of  considerable  paralysis  may  herald  a  course  that  leads  to 
death  in  a  few  months.  On  the  other  hand,  a  stati<mary  condition 
may  last  for  many  years.  Treatment  can  do  nothing  for  the  morbid 
state,  nor  is  it  likely  that  the  progress  of  spinal  surgeiy  can  afford  the 
means  of  relief.*  The  severity  of  some  of  the  individual  symptoms 
may,  however,  be  lessened  by  appropriate  measures ;  especially  trophic 
changes  may  be  diminished  by  care  and  early  treatment,  bedsores 
may  be  prevented,  cystitis  guarded  against,  and  if  any  acute  para- 
lysis occurs,  the  possibility  of  some  recovery  may  suggest  the  main- 
tenance of  the  irritability  of  the  muscles  by  electricity,  which  cannot 
be  expected  to  influence  the  slower  atrophy.  Pain  may  need  the 
customary  sedatives ;  but  early  pain,  especially  with  the  hypenesthesia 
that  depends  on  the  intensification  of  the  nerve-impulses  at  tihe  irritated 
part,  may  be  much  lessened  by  the  administration  of  cocaine, 
used  as  in  tabes.  Sudden  pain  in  the  spine  may  indicate  commencing 
haemorrhage,  and  should  lead  to  the  adoption  of  the  posture  and  other 
measQiea  appropxiate  to  that  grave  affieotion* 


AvAXiOia  PivABixnnc;  Mobtas's  DisxAn. 

By  the  term  Morvan's  Disease  is  generally  known  an  affection  that 
was  called  Panaritium  Analgicum,  or  "  Painless  Whitlows,"  by  the 
physician  of  Brittany,  Morvan,  who,  in  1888,  first  described  it.t 
Observations  on  it  are  still  few,}  but»  judging  from  two  fatal  cases,  §  it 

*  In  one  orne  under  my  eere  the  epinnl  oeiud  wae  opened  end  the  cevity  drained, 
bnt  withoat  improTemeni. 

t  'Qu.  Hebd./  1883,  Noe.  85-44. 

{  The  ehief  writings*  ere  those  of  Looeie],  *  La  Heladie  de  Korran,  Peris,  1890; 
Joflroy  end  Achsrd,  '  Arch,  de  Med.  ezp.,'  1800 ;  Charcot*  '  Prog.  M^d.,'  1890, 
Nos.  11  and  12}  H&ekel,  'Mftnch.  med.  Wochensehr.,'  1889. 

§  Oombaalt,  quoted  by  Charcot  i  Joifroy  and  Achard,  'Arch.de  MM.  ezp.,'  1891. 
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appeaxs  to  consist  in  a  combination  of  a  condition  of  BTringomyeliay 
or  of  the  associated  gliomatosis,  with  a  peripheral  neoritis  in  the  extre- 
mities. The  symptoms  make  the  constancy  of  the  neuritis  probable ; 
we  must  wait  to  learn  how  far  the  morbid  state  of  the  cord  is  constant, 
and  whether  the  changes  in  the  nerres  take  origin  in  derelopmantal 
conditions.  It  is  quite  possible  that  they  may  share  the  condition  of 
arrested  development,  entailing  a  liability  to  later  morbid  changes, 
especially  in  view  of  the  analogous  conditions  observed  in  the  case 
mentioned  on  p.  529.*  At  the  same  time  it  is  possible  that  the 
symptoms  of  this  affection  may  be  due  to  local  netiritis  of  Taried 
nature,  and  we  must  be  cautious  in  inferring  from  them  that  the 
pathological  state  is  the  same  in  origin  in  all  cases.  In  some  instances 
the  malady  has  been  apparently  set  up  by  an  injury.  The  afiEection 
has  been  met  with  in  both  sexes,  but  more  frequently  in  males,  and 
has  generally  commenced  during  the  first  half  of  adult  life,  between 
twenty  and  forty.  When  local  injury  has  preceded  the  symptoms  it 
has  sometimes  been  at  a  considerable  interval  (ESckel),  and  it  has 
been  unilateral  whenthe  latter  have  been  bilateral,  so  that  its  relation 
to  them  is  uncertain. 

The  characteristic  symptoms  are  in  the  upper  extremities ;  only  in 
rare  cases  do  the  feet  suffer  at  a  late  period.  Neuralgic  pains  may 
occur  first,  but  the  definite  symptoms  consist  of  weakness  and  muscular 
wasting  in  the  hands  and  forearms,  loss  of  all  forms  of  sensation,  and 
especially  a  peculiar  trophic  change — whitlows  on  the  fingers,  with 
recurring  deep  ulcerations  in  various  parts  of  the  digits ;  those  near 
the  extremity  of  the  fingers  may  only  heal  with  the  loss  of  some  of  the 
terminal  phalanges.  The  loss  of  sensibility  involves  all  forms,  and 
usually  precedes  the  occurrence  of  the  whitlows,  so  that  these  are 
painless,  a  peculiarity  which  constitutes  the  most  salient  feature  of  the 
disease,  and  suggested,  in  the  first  instance,  its  spedal  character. 
Occasionally  the  trophic  disturbance  precedes  the  aiuBsthesia,  and  the 
whitlows  and  ulcers  are  then  painf uL  The  latter  are  deep,  and  oftm, 
resemble  the  perforating  ulcers  of  tabes ;  cracks  in  the  skin  accompany 
them,  and  the  nails  shrivel  and  split.  Yaso-motor  derangements, 
lividity  and  pallor,  often  precede  and  accompany  the  disturbance  of 
nutrition.  The  progress  of  the  affection  is  very  slow,  and  extends  over 
many  years ;  one  hand  is  usually  affected  some  time  before  the  other. 
The  electrical  irritability  of  the  nerves  of  the  part  has  been  found 
normal  in  the  early  stage,  and  slowly  vanishing  as  the  malady  pro- 
gressed. Although  the  trophic  changes  are  limited,  as  a  rule,  to  the 
hands,  and  the  muscular  wasting  does  not  extend  above  the  forearms, 
the  loss  of  sensation  is  occasionally  more  extensive,  involving  the 
whole  arms,  parts  of  the  trunk,  and  even  the  face.    An  affection  of 

*  In  a  case  recorded  by  Jolly  ('  Charity  Ann.,'  xvi,  1891)  tbore  was  alio  a  ooo- 
genital  anomaly  of  the  flngen,  a  web  of  akin  betwoen  tbe  third  and  fonith  I 

of  eaob  band. 
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the  Bhoulder-joint  lias  been  observed.*  The  feet  are  occasionalIj» 
though  rarely,  the  seat  of  ansesthetic  ulceratioii ;  the  legs  have  also 
been  found  weak,  with  exoessive  knee-jerk  and  foot-clonus  (Hackel). 

In  the  autopsy  that  was  made  by  G-ombault  neuritis  was  found  in 
both  arms,  and  also  a  diffuse  overgrowth  of  connective  tissue  in  the 
posterior  part  of  the  grey  matter  of  the  cord  and  the  posterior  columns. 
This  growth  involved  also  the  coats  of  the  vessels,  which  were  in  places 
so  thickened  as  to  obliterate  their  cavity.  Neuritis  has  also  been 
invariably  found  in  the  extremities  of  the  fingers  when  these  have 
dropped  off. 

The  features  of  the  malady  are  so  peculiar  that,  if  they  are  known, 
the  nature  of  a  case  cannot  well  be  mistaken.  Aneesthetio  leprosy 
presents  the  closest  resemblance,  but  in  this  the  peculiar  ulcerations 
are  absent,  and  pigmentary  alterations  occur  in  the  skin ;  while  in 
Raynaud's  disease  there  is  not  the  peculiar  loss  of  sensibility,  nor  an 
equal  tendency  to  whitlows,  and  vaso-motor  disturbance  is  a  more 
conspicuous  feature.  In  the  peculiar  malady  known  as  "sclero* 
dactyla  "  (a  form  of  scleroderma  that  affects  the  fingers  and  face) 
there  is  no  loss  of  sensibility  or  tendency  to  destruction  of  the  finger 
ends.  Simple  syringomyelia  is  distinguished  by  the  common  absence 
of  the  whitlows,  by  the  subordination,  in  time  and  degree,  of  the 
trophic  changes  to  the  other  symptoms,  and  by  the  common  preserva- 
tion of  tactile  sensibilily.  But  the  distinction  is  probably  not  an 
absolute  one.  In  Morvan's  disease  there  is  peripheral  neuritis  as  well 
as  syringomyelia,  and  to  this  is  due  its  special  features*  and  especially 
the  early  and  intense  trophic  disturbanoe.t 


Sputa  Bivxda. 

Spina  Bifida,  or  split  spine,  depends  on  a  defect  in  the  closure  of 
the  vertebral  arches,  which  usually  leads  to  the  protrusion  of  the 
membranes  as  a  sac,  forming  an  external  tumour,  into  which  the  lower 
part  of  the  spinal  cord  often  extends,  normal  or  variously  altered  in 
conformation,  sometimes  even  reduced  to  a  neural  lining  of  part  of  the 
wall.  Barely  there  is  no  external  prominence — a  form  known  as 
''  spina  bifida  occulta.''^  The  condition  is  most  common  in  the  lumbar 
region  of  the  spine ;  sometimes  is  present  at  mere  than  one  place,  very 
rarely  in  the  whole  length  of  the  vertebral  column.  It  is  met  with 
in  about  one  child  out  of  every  thousand  bom  (Chaussier).    The 

•  Momin,  •  Gaz.  Hebd.,'  1887,  No.  84. 

t  The  absence  of  any  fundamental  difference  between  thii  malady  and  syringo- 
myelia bas  been  pointed  out  by  Bernhardt  ('  Verb.  Vereins  inn.  Med.,'  Berlin, 
Jtnnnry  19th,  1891)  and  Jolly  (loc«  cit).  But  the  additional  element  of  neuritit 
But  not  be  ignored. 

{  The  be«t  accounts  of  sinna  bifida  are  in  the  "  Report  of  the  Committee  of  th« 
Clinical  Society"  ('Traufiactiona,'  1885),  and  Bland  Sutton'a  ''Lectures  on  Evolotiol 
In  Patbolugy  "  (•  Lancet,'  f  ebroaiy  25th,  1888). 
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disease  is  one  of  chiefly  surgical  interest,  and  therefore  onlj  an  ontline 
of  the  more  important  facts  is  here  given.  The  spinal  oord«  whether 
normal  or  not,  generally  reaches  lower  than  usual  in  the  yertebral 
canal,  as  it  does  at  the  early  period  of  development,  when  the  morbid 
state  is  produced, — ^becoming  adherent  at  its  lower  extremity  and 
remaining  so.  In  many  cases  the  central  canal  of  the  cord  is  enlai^ed 
above,  and  the  lower  part  of  the  cord  may  also  be  similarly  distended. 

The  precise  condition  presents  many  variations,  which  can  be,  in  part 
at  least,  understood  by  what  is  known  of  the  process  of  development,  a 
subject  that  has  been  very  ably  discussed  by  Bland  Sutton.  The 
essential  element  in  spina  bifida,  the  defect  in  the  vertebral  arches, 
depends  on  a  deficiency  in  that  ingrowth  of  the  mesoblast  from  each 
side  which  should  enclose  the  embryonal  spinal  cord,  and  form  bone, 
after  the  superficial  epiblastic  layers  have  united  to  form  the  epidermis. 
▲  similar  ingrowth  of  mesoblast  forms  the  corium,  muscle,  &c.  This 
apparently  takes  place  in  excess  in  spina  bifida  occulta,  and  leads  to 
a  curious  condition,  usually  present — an  excessive  growth  of  hair  over 
and  about  the  affected  part,  which  is  generally  the  lumbo-sacral 
region.  On  the  other  hand,  in  many  cases  in  which  there  is  a  tumour, 
this  superficial  mesoblastic  ingrowth  seems  to  be  deficient,  as  well  as 
that  for  the  vertebral  arches,  so  that  at  the  upper  part  of  the  tumour 
there  is  an  area  in  which  there  is  no  proper  skin,  but  a  peculiar  shiny 
membrane  destitute  of  hair.  It  is  probably  this  superficial  mesoblastic 
deficiency  that  permits  the  protrusion,  and  formation  of  an  external 
tumour. 

In  spina  bifida  occulta  the  defect  in  the  arches  can  be  felt  on 
palpation,  either  in  the  lumbar  or  sacral  region,  and  the  spinal  cord 
extends  lower  than  normal,  as  in  the  ordinary  form.  The  latter,  in 
which  there  is  an  external  tumour,  presents  three  chief  varieties. 


FiO.  190. — Spina  bifida  t  sections  of  a  spinal  cord,  from  a  case  the  tymptome  and 
history  of  which  I  was  nnMble  to  ascertain.  In  A,  cervical  region,  tlie  only  abnor- 
mality is  a  large  cruciform  cent  ml  canal  Hud  an  unusually  thick  grey  commiesnre. 
This  continues  through  the  dorsal  region,  at  the  lowest  part  of  which  there  it  a 
great  change.  In  B,  the  canal  is  larger,  and  the  necks  of  the  posterior  horns  (and 
posterior  vesicnlar  columns)  are  united  by  much  couimissuml  tlKsue;  in  this,  many 
▼ertical  fibres  could  be  seen,  and  others  running  from  before  backwards  in  the 
middle  line.  In  C,  an  extension  of  the  canal  baikwards  has  taken  place,  and  it  is 
bounded  by  a  sinuous  membrane;  the  outer  pitrt  of  the  grey  substance  is  atro- 
phied. In  D,  the  cavity  has  eitended  into  each  posterior  horn,  almost  up  to  ihe 
surfxce  of  the  cord,  in  part  by  a  breaking  down  of  tissue,  because  the  membrane 
limiting  the  enlarged  canal  remains  undestroyed.  In  B,  still  at  the  junction 
of  the  dorsal  and  lumbar  regions,  the  cavity  has  receded  from  the  left  horn.  In 
F,  the  division  of  the  cord  has  taken  place,  not  in  the  direction  of  the  cavity  in 
the  born  (which  is  filled  up),  but  in  the  middle  line,  at  or  dose  to  the  median 
septum.  In  G,  a  wider  sepn  ration  of  the  posterior  columns  has  taken  place,  and  a 
cavity  has  formed  on  the  right  side,  which  extends  into  the  horn,  and  almost  cats 
off  the  posterior  column.  In  H,  the  cord  is  spread  out  and  formed  part  of  the  wall 
of  the  sac.  The  posterior  nerve-roots  (p  r)  mark  the  position  at  which  the 
posterior  horn  comes  to  the  surface.  The  grey  matter  is  in  many  parts  atrophied 
and  translucent,  and,  in  U,  contains  many  large  vessels.  The  septal  lobulation  on 
the  surface  of  the  cord  is  greater  than  normal. 
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according  as  the  sac  contains  onlj  the  spinal  membranes  (meningocele), 
the  spinal  cord  as  well  as  the  membranes  (meningomyelocele),  or  the 
latter  distended  by  enlargement  of  the  central  cavity  (syringo- 
myelocele). These  are  the  chief  classes ;  they  do  not,  indeed,  exhaust 
the  rarer  forms;  but  to  take  full  cognizance  of  these  would  entail  a 
very  complex  list  of  varieties.* 

Of  the  several  forms,  that  without  an  external  tumour  has  been 
least  frequently  met  with,  although  it  is  probable  that  a  knowledge  of 
the  significance  of  the  growth  of  hair  in  the  lumbar  region  would  lead 
to  the  detection  of  this  state  in  many  cases  in  which  it  is  now 
undiscovered.  Putting  this  form  aside,  simple  meningocele  and 
syringomyelocele  are  both  rare;  the  common  form  is  meningo- 
myelocele, in  which  the  cord,  altered  or  intact,  extends  within  the  sac. 
The  Clinical  Society's  Committee  found  that  this  was  the  condition  in 
62  per  cent,  of  the  cases  in  which  there  was  an  external  tumour.  The 
lower  part  of  the  spinal  cord  is  generally  adherent  to  the  posterior 
wall  of  the  sac,  where  its  traction  often  causes  a  depression  on  the 
surface,  always  at  the  membranous  area,  which,  as  already  mentioned, 
is  generally  to  be  observed  in  the  upper  portion.  The  cord  may  again 
become  free,  and  extend  downwards  in  the  cavity,  or  it  may  be 
flattened,  expanded,  and  lost  in  the  wall,  of  which  its  tissue  really 
forms  an  inner  layer.  In  this  layer  there  is  no  distinction  of  grey  and 
white  substance.  In  either  case  the  lower  nerves  arise  in  the  wall,  and 
pass,  first  in  this,  and  then  forwards,  across  the  cavity,  to  their  fora- 
mina of  exit.  The  arachnoid  always  extends  into  the  sac,  and  the 
fluid  is  that  contained  within  the  subarachnoid  space;  sometimes 
there  is  an  external  opening  from  which  the  fluid  flows. 

As  a  rule,  the  central  canal  of  the  cord  is  not  continuous  with  the 
sac ;  and  it  may  be  closed,  even  in  the  condition  of  syringomyelocele,  in 
which  the  canal  is  dilated.  In  other  cases  the  canal  opens  into  the 
cavity,  sometimes  by  only  a  small  aperture,  even  when  the  lower  part  of 
the  cord  expands  into  the  wall,  and  the  nerves  course  along  the  wall 
in  a  layer  continuous  with  the  arachnoid  and  superficial  to  the 
membrane  that  represents  the  cord -tissue  from  which  they  arise. 
As  stated,  ordinaiy  syringomyelia  may  exist  in  the  upper  part  of  the 
cord.  The  extension  of  the  cord  in  the  wall  of  tiie  sac  probably 
indicates  a  developmental  defect  similar  to  that  of  the  bony  canal ; 
in  the  lumbar  region  the  primitive  canal  has  failed  to  close,  so  that 
the  cord  is  open  posteriorly,  and  the  two  posterior  columns  may  even 
be  far  apart,  or  the  cord  may  even  be  applied,  in  the  form  of  a  thick 
or  thin  lamina,  to  the  wall  of  the  sac. 

An  instructive  although  rare  example  of  the  involvement  of  the 
cord  in  the  developmental  efPect  is  shown  in  Fig.  190,  which  illus- 
trates also  the  manner  in  which  the  latter  may  involve  in  some  degree 
the  wholo  cord.  In  the  cervical  region  the  grey  commissure  is 
unusually  large,  and  the  canal  is  cruciform,  a  shape  which  it  presents 
*  Several  other  varieties  are  euuinerated  by  Bluud  Sutton  (loc.  cit.). 
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at  one  period  of  deyelopment,  and  which  is  here  persistent.  This 
condition  obtains  throughout  the  dorsal  region  until,  in  the  lower 
part,  the  tissue  behind  the  commissure  is  so  abundant  as  to  unite  the 
necks  of  the  posterior  horns  Below  this  the  canal  enlarges  into  a 
condition  of  STringomjelia,  surrounded  hj  the  abnormal  tissue  which, 
as  we  have  seen,  is  commonly  associated  with  such  enlargement ;  the 
canal  is  limited,  moreoTcr,  bj  the  sinuous  membrane  that  is  so  often 
met  with  (see  p.  638).  The  cavitj  extends  also  into  the  posterior 
horns,  dearlj  hj  a  process  of  disintegration,  since  in  d  the  membrane 
lining  the  enlarged  canal  persists,  and  marks  the  limit  of  the  canal  and 
the  extent  of  the  simple  disintegration.  The  progressive  separation  of 
the  posterior  columns  is  shown  in  v,  o,  and  h.  In  the  lowest  part 
of  the  cord,  the  deyelopment  of  the  posterior  columns  has  been  appa- 
rently hindered,  as  will  be  observed  if  o  be  compared  with  f.  In  the 
former  there  are  also  some  fissures  in  the  grey  substance,  formed 
apparently  by  disintegration.  The  grey  substance  of  the  cord  is  con- 
spicuously wasted  in  the  lumbar  region,  thin  and  translucent. 

In  rare  cases  there  has  been  no  proper  development  of  the  cord. 
It  was  represented  by  a  mere  nerve-like  string  in  a  child,  who  also  had 
hydrocephalus,  but  lived  five  weeks.  Another  child  of  the  same  parents 
had  a  similar  condition.* 

Symptoms. — If  the  cord  is  intact,  symptoms  may  be  absent.  In 
the  cases  in  which  there  is  an  external  opening,  and  a  constant  escape 
of  cerebro-spinal  fluid,  the  child  usually  dies  in  a  few  weeks.  In 
other  cases  the  defective  development  of  the  lower  part  of  the  cord» 
or  its  distension  in  syringomyelocele,  is  manifested  by  an  absence  of 
function,  amounting  to  complete  paraplegia  in  severe  cases,  which 
also  seldom  live.  Some  cases,  however,  survive,  with  paralysis  and 
wasting  of  the  legs,  and  often  absence  of  power  over  the  sphincters. 
In  slighter  forms  the  paralysis  and  wastiug  have  been  partial,  either 
existing  from  the  first,  or  supervening  at  some  later  period,  probably 
from  the  occurrence  of  damage  to  the  nerve-roots  or  cord-tissue  by  in- 
creased tension,  or  by  inflammation;  of  the  latter  abundant  traces 
may  be  f oimd  after  death*  and  various  external  influences  may  readily 
set  it  up.  Some  children,  whose  legs  have  appeared  natural,  have  never 
been  able  to  stand ;  possibly  the  defect  in  the  posterior  columns  has 
f^iven  rise  to  a  sort  of  congenital  tabes.  Even  in  the  slighter  forms, 
including  spina  bifida  occulta,  paralysis  and  atrophy  have  come  on 
after  some  years,  and  even  after  adult  life  has  been  reached.  Indeed, 
in  the  unsuspected  forms  without  a  tumour,  there  may  be  special 
danger  of  injury  to  the  unprotected  structures,  and  damage  to  the 
nerve-roots.  The  muscular  paralysis  and  atrophy  have  been  usually 
below  the  knees,  and  the  muscles  least  prone  to  suffer  are  the  tibiales 
antici.  Hence  talipes  varus  tends  to  occur.  These  muscles  may 
alone  persist,  probably  from  the  higher  position  of  origin  of  their 
nerves  (Eemak).  Another  peculiarily  of  these  cases  is  the  tendency 
•  8.  Wolfe,  •  Phil.  Be^'  June  2nd,  1888. 
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to  perforating  ulcer  in  the  feet,  whicli  lias  seyeral  times  necessitated 
amputation.  Chronic  changes  in  the  tarsal  and  metatarsal  bonai 
have  also  been  met  with,  somewhat  like  those  of  tabetio  arfchio* 
pathy.*  The  ulcers  suggest  neuritis,  which  was  found  in  one  case; 
and,  in  this  and  others,  the  arteries  hare  presented  thickening  of  the 
tnuscnlar  coat,  even  leading  to  their  closure.  These  symptoms  maj 
be  greater  on,  or  confined  to,  one  side,  and  on  this  the  knee-jerk  ha« 
been  les8ened.t  These  points  of  resemblance  to  tabes  maj  also  be  doe 
to  the  greater  degree  of  exposure  to  damage  of  the  postcffior  roots,  as 
well  as  to  neuritis,  perhaps  descending. 

The  treatment  of  spina  bifida  is  purely  surgical  That  of  the  ooii- 
sequences  just  described  is  the  same  as  for  similar  states  in  othar 
diseases. 


TRAUMATIO  LESIONS  OP  THE  SPINAL  COED. 

Injuries  to  the  cord  fall  within  the  province  of  the  surgeon,  but 
some  account  of  them  is  needed  because  the  subjects  often  afterwards 
come  under  medical  observation,  and  because  the  cases  present  eveiy 
gradation  to  the  maladies  that  have  been  described  in  the  preceding 
pages. 

Cattsbs. — In  fractures  and  dislocations  of  the  spine,  the  cord  gene- 
rally suffers  compression  or  laceration,  as  already  described  in  the 
chapter  on  injuries  of  the  vertebral  column.  The  cord  may  also  be 
directly  wounded  by  stabs  and  gunshot  injuries,  in  which  it  may  be 
divided  completely  or  partially.  Such  injuries  furnish  a  considerable 
proportion  of  the  cases  of  unilateral  lesion  of  the  cord.  In  gunshot 
wounds  the  cord  more  often  suffers  from  displaced  fragments  of  bone 
than  from  the  ball  itself. 

Far  more  common  than  direct  injury  is  damage  to  the  cord  by  con* 
cussion  of  the  spine,  either  local  or  general  Gunshot  wounds  occi^ 
sionally  furnish  examples  of  local  concussion ;  a  bullet  may  strike  the 
spinal  column  and  lodge  in  its  vicinity,  with  the  effect  of  causing 
immediate  paraplegia,  as  complete  as  if  the  cord  were  divided,  and  yet 
it  may  be  found  that  the  spinal  column  has  not  been  injured,  and  the 
cord  is  merely  softened  at  the  spot.  Other  causes  of  concussion  an 
the  fall  of  heavy  bodies  on  the  back,  such  as  a  beam  of  timber  or  a 

*  Id  one  case  Sutton  fonnd  the  compact  tisane  very  pcanty,  and  the  bonee  filled 
with  semi-fluid  fat|  a  deep  ulcer  reached  a  carious  s|H>t. 

t  Dftails  of  cases  by  Fischer,  v.  Reckltnghauseu,  Brnnna,  and  others,  are  qaoted 
by  Blaud  Sutton  (loc.  cit.).  See  also  Delnfosse, '  Th^se  de  Paris,'  1874 1  Bemsk, 
•  Berlin,  kl.  WochenschrifV  1883. 
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tack  of  ooni»  a  blow  on  tlie  back  from  some  blunt  weapon,  a  fall 
upon  the  back,  either  on  a  flat  surface  or  on  some  projecting  object. 
Less  frequently  the  cord  suffers  from  a  general  concussion  of  the 
body,  in  which  the  spinal  column  is  not  specially  inrolved.  The 
oenrical  region  is  occasionally  damaged  in  falls  on  the  head.  Eailway 
accidents  are  frequent  causes  of  concussion  of  the  spinal  cord ;  the 
back  may  be  struck  with  yiolence  when  the  body  is  thrown  from  one 
side  of  the  carriage  to  the  other.  Another  common  cause  is  a  fall 
from  a  horse  upon  the  back,  or  a  fall  downstairs,  in  which  the  spinal 
column  is  bumped  against  the  edges  of  the  steps.  A  violent  bending 
of  the  spine  may  also  injure  the  cord  directly,  especially  in  the  more 
mobile  cervical  portion,  where  the  region  of  the  fourth  and  fifth 
vertebrsB  is  especially  apt  thus  to  suffer  (Thorbum).*  The  jar  of  the 
spine  caused  by  a  jump  from  a  height  may  even  be  effective.  Occa* 
sionally  effects  very  similar  to  those  which  are  produced  by  a  blow  on 
the  spine  are  caused  by  a  sudden  contraction  of  the  spinal  muscles  in 
some  violent  effort,  a  "  rick  of  the  back,"  as  it  is  popularly  termed. 
It  is  possible  that^  in  such  cases,  the  primary  damage  is  sometimes  to 
the  vertebral  ligaments  and  articulations,  and  that  the  cord  suffers 
secondarily.  The  symptoms  may  only  come  on  a  few  hours  after  the 
injuiy  in  such  cases,  as  if  effused  blood  compressed  the  cord,  or  the 
tension  upon  it  and  slight  damage  set  up  a  graver  inflammation. 
Thus  a  soldier,  in  a  drunken  quarrel,  was  extended  by  four  comrades, 
two  pulling  on  his  feet  and  two  on  his  arms,  while  a  fifth  sat  on  his 
back.  No  immediate  effect  followed,  but  the  next  morning  there  was 
complete  paralysis  of  both  arms  and  legs,  which  very  slowly  passed 
away. 

Pathology. — The  anatomical  lesions  in  cases  in  which  the  vertebral 
odumn  is  not  injured  vary  much  in  different  cases.  Hemorrhage  is 
often  found,  sometimes  outside  the  dura  mater,  sometimes  on  the 
inner  surface  of  the  membrane,  in  the  pia  mater,  in  the  substance  of 
the  cord  itself,  very  rarely  into  the  central  canal.t  Occasionally  the 
•ubstance  of  the  cord  has  been  found  lacerated  when  the  vertebral 
eolumn  has  not  been  injured.  In  many  cases  there  is  local  softening, 
commonly  yellow  in  tint,  sometimes  mingled  with  red,  often  involving 
the  whole  tiiickness  of  the  cord,  and  occasionally  extending,  as  central 
softening,  through  a  considerable  vertical  extent.  Under  the  micro- 
scope the  usual  products  of  inflammation  are  seen,  sometimes  with 
heamatoidin  crystals.  Such  softening  may  occur  rapidly  in  severe 
local  concussion,  and  be  found  complete  a  few  weeks,  or  even  a  few 
days,  after  the  injuiy.^    On  the  other  hand,  in  some  cases  of  complete 

•  '  Bratn/  Janaary,  1887. 

t  As  In  s  omM  reported  by  Chnoan  and  Wiekham* '  Prog.  HM.,*  1887.  Probabl  j 
il  is  only  when  the  oanal  it  previoutly  dikted  that  thia  oocun,  at  it  may»  witboat 
•eriona  Injnry  to  the  nenre-tissue. 

}  Eftmandiy  *  Brain,'  toI.  vii,  p.  103  j  Obersteioer,  <  Wten.  med.  Jahrb.,'  Bd.  iii« 
1879 1  Loohner, '  Bayer.  Aerttlich.  Iat.-Bl./ 1857,  No.  42|  Fromailer, '  Memorabilien/ 
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paralysis,  no  lesion  of  the  cord  has  been  found,  either  with  the  naked 
eye  or  the  microscope,  a  few  dajA  after  the  injury.*  In  other  instances, 
in  which  the  cord  is  examined  some  weeks  oi  months  after  the  accident^ 
the  signs  of  chronic  myelitis  are  found,  in  scattered  foci  or  more 
diffuse  tracts,  in  the  white  columns  or  grey  substance.  The  nerve- 
fibres  are  wasted,  and  the  connective-tissue  elements  are  increased  in 
quantity »  and  in  the  early  stages  there  may  be  aleucocytal  infiltration 
about  the  vessels,  dilatation  of  the  capillaries,  and  minute  extravasa- 
tions, although  none  may  have  been  visible  to  the  naked  eye.  In  the 
anterior  comua  the  motor  nerve-cells  may  be  damaged,  sometimes 
swollen  and  vacuolated,  or  shrunken,  and  tiie  anterior  root-fibres  may 
be  degenerated.  The  -grey  matter  is  especially  apt  to  suffer  when  the 
enlargements  are  injured;  in  the  dorsal  region  the  change  may  be 
confined  to  the  white  columns.  Ill-defined  cavities  may  exist  in 
old  cases,  where  the  nerve-elements  have  perished*  The  usual 
ascending  and  descending  degenerations  may  be  found  above  and 
below  the  most  damaged  parts.  Occasionally  ihere  are  indications  of 
meningitis,  diffuse  or  disseminated,  and  sometimes  confined  to  the 
dura  mater. 

SxifFTOMB. — ^The  effects,  immediate  and  remote,  of  injuries  of  the 
spinal  cord  extend  over  almost  the  whole  range  of  symptoms  of  cord 
diseajse,  and  their  variations  in  character  and  course  are  idmost  infinite. 
It  is  therefore  neither  practicable  nor  necessary  to  do  more,  in  this 
place,  than  to  describe  their  general  characters.  According  to  the 
difference  in  oonrscb  we  may  divide  them  into  three  classes.  (1) 
Those  in  which  the  injury  causes  immediate  and  severe  paralysis, 
due  to  instant  damage  to  the  spinal  cord,  the  consequence  of  its 
laceration,  compression,  or  concussion.  (2)  Those  in  which  there  are 
at  first  either  no  symptoms  or  only  trifling  disturbance  of  function, 
but  in  which  grave  symptoms  come  on  a  few  days  or  weeks  after  the 
injury.  (8)  Those  in  which  there  are  no  early  symptoms,  or  only 
slight  and  transient  disturbance,  but  at  the  end  of  one  or  several 
months  symptoms  gradually  come  on,  often  such  as  indicate  disease 
of  some  definite  system  or  structure  of  the  cord,  degenerative  in 
nature. 

(1)  The  first  dass,  in  which  the  injury  causes  instant  and  considerable 
<listurbance  of  function,  includes  the  cases  in  which  the  cord  is  directiy 
injured,  and  also  some  in  which  there  is  no  visible  sign  of  damage  if 
the  patient  dies  within  a  few  days.  In  the  former  class  there  is 
often  a  manifest  lesion  of  the  spine^  and  the  cases  are,  at  least  at  first, 
purely  surgical  in  their  practical  relations.  In  the  latter  the 
mechanical  influence  has  apparentiy  abolished  the  function  of  the 
nerve^ements.    If  such  patients  live  longer,  either  quick  reooveiy 

1870,  No.  12.    In  the  last*  deieribed  farther  on,  ■ofteniog  wai  found  thir^|4»0 
ikonn  after  the  injnry. 
•  FiBcher,  <  Deui,  ZeitKhr.  t  Chhwy.,'  1888,  BcL  six. 
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cnsaeSy  or  local  softening  from  disintegration  of  the  fibres  tliat  are 
moet  damaged.  It  is  an  interesting  fact  that  concossion  maj  thus 
derange  function.  The  absolute  integrity  of  structure  on  earlj  micro- 
scopical examination  shows  that  the  result  is  not  due  to  anj  minute 
Tascular  lesion.  The  effect  has  been  compared  bj  Eejnolds,  not 
inaptly*  to  the  demagnetisation  of  iron  by  a  blow.  Doubtless  the 
influence  is  exerted  on  the  molecular  nutrition  of  the  nerre-elements, 
and  the  possibility  of  recovery,  or  the  subsequent  structural  dis- 
integration, depends  upon  the  degree  of  nutritional  damage.* 

The  symptoms,  in  these  cases  of  severe  and  immediate  effect,  are 
generally  those  of  complete  impairment  of  function.  When  the  injury 
is  direct  and  partial,  such  as  a  hemisection  by  an  incised  wound,  or  a 
partial  bruise  of  the  cord  by  a  spiculum  of  bone  being  driven  against 
it  (as  in  the  case  mentioned  at  p.  236),  the  effect  may  be  a  partial 
(e.  g.  one-sided)  derangement  of  function ;  but  in  most  other  cases 
there  is  abolition  of  all  the  conducting  functions  at  the  level  of  the 
injury.  There  is  complete  paraplegia,  motor  and  sensory,  with  loss 
of  power  over  the  sphincters.  The  symptoms  are  thus  those  of  a 
total  transverse  lesion  at  the  affected  level  (see  p.  269).  When  the 
cervical  region  is  injured,  the  arms  are  necessarily  affected  according 
to  its  seat.  Such  cases  often  illustrate  very  clearly  the  relation  of 
arm-function  to  the  cord.t  The  fibres  for  the  sympathetic  are  often 
implicated,  especially  those  for  the  iris,  causing  inequality  of  the  pupils. 
B^ex  action  below,  abolished  at  first  by  shock,  usuaUy  soon  returns 
and  becomes  excessive,  but  remains  absent  if  the  lumbar  enlargement 
is  damaged,  or  is  invaded  by  hsdmorrhage ;  it  may  be  again  lost  by 
the  downward  extension  of  secondary  inflammation,  which  is  equally 
effective  when  partial  (in  the  posterior  columns  or  grey  matter)  as 
when  total,  and  is  more  difficult  to  detect  in  the  former  case.^  Loss 
of  consciousness  is  occasionally  produced  by  an  injury  which  does  not 
directly  involve  the  head,  as  in  the  case  mentioned  on  p.  656 ; 
Tomitiiig  is  very  common  at  the  outset.  The  cases  of  direct  injuiy 
often  run  a  severe  and  rapid  course ;  and  when  the  secondary  inflam- 
mation spreads  downwards,  or  the  lower  part  of  the  cord  is  injured  (as 

e  These  eonelailons  htm  btten  recently  fonnnliited  more  definitely,  but  without 
Msential  ext6nilon«  by  Schmau,  jmrily  from  experiments  od  rabbiu  (*  Munch,  med. 
Woehensoh.,'  1880). 

t  See  espedally  Thorbnrn,  «  Bndn,'  January,  1887. 

X  This  if  the  explanation  of  moat  eases  of  injury  above  Che  Inmbar  enlargement, 
with  permanent  lose  of  myotatic  irritability,  or  of  all  reflex  action,  aa  in  thotie 
described  by  Bowlby  ('Lancet,'  1800,  i,  1071).  Such  deicending  inflammation  must 
not  be  confused  with  the  descending  degenerHtion  in  the  pyramidal  tracts  which 
entails  myotatic  excess.  The  very  rare  exceptions  mentioned  on  p.  264,  in  which 
such  loss  exists  with  no  lesion  to  explain  it,  may  be  associated  with  the  fact  tliat 
myotatic  irritability  is  sometiint^  lost  in  eaaee  of  cerebellar  tumour.  But  the  fact 
that  superficial  reflex  action  in  the  leg^  is  nerer  lost  unless  the  lower  part  of  the  cord 
la  diseased,  it  one  of  the  most  certain  in  pathology.  Proof  <tf  sueh  deeoendlng 
inflammation  Is  giren  in  the  chapter  on  tumoors  (p.  617,  note). 
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it  fraquenily  the  case),  the  tendency  to  trophic  changes  in  the  sUn, 
and  to  the  occurrence  of  cystitis  and  pjelo-nephritis,  is  rerj  great 
CEdema  of  vaso-motor  origin,  and  effusion  into  joints,  maj  be  pre- 
sent in  the  early  stage.  If  the  cord  has  been  directly  injured  in  its 
whole  thickness,  siuriyal  beyond  a  fortnight  is  rare.  When  it  is 
damaged  indirectly,  with  secondary  softening — ^in  what  may  be  termed 
concussion  myelitis — death  occurs  less  rapidly,  but  many  patients  die 
at  the  end  of  four  or  six  weeks,  while  in  those  who  surrive  the  first 
two  months  slow  recoyexy  often  occurs.  Eren  in  such  cases  death 
sometimes  occurs  yery  quickly,  but  it  is  possible  that  there  is  then  a 
laceration  of  the  cord.  A  man,  whose  case  has  been  recorded  by 
Promuller,  was  struck  on  the  back,  at  the  level  of  the  third  dorsal,  by 
a  heayy  beam,  and  had  loss  of  motion  and  sensation  up  to  the  level 
of  the  nipples.  The  palsy  of  the  muscles  of  respiration  increased, 
and  he  died  from  asphyxia  at  the  end  of  thirty-two  hours.  At  the 
spot  struck  the  cord  was  reduced  to  a  pulp  for  8i  cm.,  without  any 
hffimorrbage. 

The  following  case  illustrates  the  occasional  loss  of  consciousness 
when  there  is  no  evidence  of  any  cerebral  lesion.  A  heavy  weight 
fell  upon  a  man's  back;  he  was  unconscious' for  two  days,  and  at  the 
end  of  that  time  the  legs  were  completely  paralysed,  and  continued  so 
for  three  months,  with  retention  of  urine.  Then  improvement  com- 
menced, in  the  left  leg  before  the  right,  and  in  the  latter  some  spasm 
developed.  At  the  end  of  six  months  he  could  walk  across  the  room 
on  crutches.  Improvement  continued,  but  at  the  end  of  two  years  his 
condition  became  stationary,  and  when  I  saw  him,  six  years  after  the 
accident,  he  could  only  walk  half  a  mile ;  the  right  leg  was  still  weak 
in  all  parts,  and  a  foot-clonus  was  present  in  each  leg,  greater  in  the 
right  than  in  the  left. 

In  cases  in  which  the  lowest  part  of  the  back  receives  the  force 
of  the  blow,  as  when  a  severe  fall  ends  in  the  sitting  posture,  and  the 
sacral  region  is  struck,  the  nerves  of  the  cauda  equina  seem  often  to 
be  specially  damaged,  and  the  posterior  roots  in  greater  degree  than  the 
anterior.  The  effect  is  to  cause  loss  of  sensibility  in  the  legs,  varying 
in  extent  and  seat  according  to  the  part  injured,  in  some  instances 
specially  great  about  the  anus,  in  others  extending  over  almost  the 
whole  of  the  legs,  in  others  again  it  is  chiefly  in  the  sciatic  area ;  all 
forms  of  sensation  are  usually  involved.  It  is  generally  accompanied 
by  some  muscular  paralysis  and  rapid  atrophy,  with  the  reaction 
of  degeneration,  especially  in  the  muscles  below  the  knees.  Barely 
no  muscular  paralysis  exists;  but  there  is  loss  of  power  over  the 
sphincters  in  most  cases.  Reflex  action  is  lost,  and  trophic  changes 
axe  readily  produced,  both  on  the  feet  and  over  the  sacrum.  The 
sensoxy  loss  is  often  permanent,  the  injury  to  the  nerve-roots  being 
apparently  too  severe  to  permit  recovery.  As  the  case  just  mentioned 
shows,  when  the  earlier  effects  of  the  injury  are  survived  and  improve- 
ment sets  in,  it  is  remarkable  how  long  t^  may  continne,  and  how 
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considerable  a  degree  of  recoverj  may  be  nltiinately  attained,  it  may 
be  in  the  course  of  three  or  four  years. 

(2)  In  cases  of  the  second  class  initial  symptoniB  are  absent  or  slight. 
After  the  accident  the  sufferer  may  not  imagine  himself  injured,  and 
may  be  able  to  walk  some  distance  without  inconvenience.  In  other 
instances  there  is  tingling  in  the  legs,  or  in  all  the  limbs,  immediately 
after  the  concussion,  sometimes  with  some  weakness  of  the  limbs, 
more  often  with  a  feeling  of  stiffness.  In  the  course  of  a  few  days 
graver  symptoms  come  on«  usually  attended  with  spinal  pain  and 
tenderness,  sometimes  with  some  stifiEness  of  the  back,  and  often  with 
pyrexia.  Tingling  in  the  limbs  increases  or  develops,  and  is  accom- 
panied by  weakness,  which  often  goes  on  to  complete  paralysis  in  the 
course  of  one  to  four  weeks.  The  symptoms  vary  in  their  character 
and  distribution,  according  to  the  position  of  the  morbid  process  and 
its  extent.  In  some  cases,  in  which  the  dorsal  region  is  most  affected* 
the  symptoms  are  those  of  simple  paraplegia,  usually  with  spasm,  and 
sometimes  with  early  contraction  of  the  muscles.  In  other  cases,  in 
which  the  grey  matter  of  the  enlargements  suffers,  there  is  scattered 
muscular  atrophy  in  the  limbs,  often  with  indications  of  the  degen^ 
zative  reaction.  Tremor  in  the  limbs  is  conspicuous  in  some  instances. 
A  girdle-pain  in  the  trunk,  or  sense  of  constriction  in  the  limbs,  is 
very  common.  The  sphincters  generally  suffer,  and  the  tendency  to 
trophic  changes  is  usually  strong.  The  character  and  course  at  the 
symptoms  is  that  of  a  subacute  myelitis,  and  the  meagre  facts  of 
morbid  anatomy  leave  little  doubt  that  this  is  the  common  lesion. 
Thus  a  lady  was  severely  shaken  in  a  railway  collision.  She  seemed 
immediately  after  the  accident  to  have  suffered  no  injury,  but  in  a 
few  days  paraplegia  developed,  and  from  its  consequences  she  died 
six  weeks  after  the  acddent.  Throughout  the  dorsal  region  of  the 
cord  I  found  indications  of  subacute  myelitis,  chiefly  in  the  white 
columns,  varying  in  its  extent  in  different  regions,  but  most  distinct 
in  the  pyramidal  tracts.*  Oomplete  motor  and  sensory  palsy,  up 
to  the  level  of  the  umbilicus,  developed  in  the  course  of  a  week, 
after  a  fall  downstairs  in  which  the  back  struck  successive  steps. 
Yet  the  patient  was  able  to  walk  immediately  afterwards.  The 
symptoms  in  these  cases  are  sometimes  unilateral.  A  man,  driving 
under  a  low  archway,  leaned  back  to  save  his  head,  and  his  spine  was 
pressed  suddenly  against  the  sharp  edge  of  the  seat-back.  He  felt 
but  little  immediate  effect,  but  in  the  course  of  two  or  three  days 
complete  motor  palsy  of  the  left  leg  came  on,  accompanied  by  hyperses- 
thesia,  but  without  any  loss  of  sensation  either  in  that  leg  or  in  the 
other.  Power  slowly  returned  at  the  end  of  three  months,  and  was 
in  time  perfect.    In  some  cases  of  this  kind  the  symptoms  are  due 

*  In  the  face  of  iiich  a  cMe  m  this,  it  is  saperfiaons  to  disease  the  question  raised 
hj  some  writers  whether  or  not  the  eord  ean  suffer  ooncnssion.  Moreover  it  is 
certain  that  such  an  effect  as  was  extreme  in  this  oase^  siaj  and  most  often  ooeor  in 
slighter  degrea» 

VOL.  I.  42 
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not  to  direct  damage  to  the  cord,  but  to  its  compression  by  inflam- 
matory products  outside  it,  the  result  of  injury  to  the  vertebral 
colimm.  A  clergyman  was  thrown  from  his  horse,  and  there  wa€ 
immediately  sufficient  weakness  of  the  legs  to  prevent  him  from 
walking;  this  subsequently  increased,  so  that  at  the  end  of  a  fort- 
night Uie  right  leg  was  completely  paralysed,  while  the  left  retained 
considerable  power.  There  was  a  girdle-pain  at  the  level  of  the 
umbilicus,  and  a  bedsore  formed,  but  he  slowly  improved,  and  regained 
the  power  of  standing  at  the  end  of  eight  months.  Such  symptoms 
may  come  on  weeks  after  the  concussion,  especially  when  the  effects 
of  this  are  so  slight  as  to  be  disregarded,  and  the  patient  leads  his 
usual  life. 

When  the  damage  involves  the  grey  matter,  the  extent  of  the 
muscular  wasting  varies  greatly.  It  seldom  affects  both  arms  and 
legs,  but  it  is  usually  irregular  in  distribution,  sometimes  wide-spread, 
sometimes  limited.  Thus  a  young  man  fell  from  a  horse  and  pitched 
on  the  head.  He  was  stunned,  and  on  recovering  consciousness  about 
two  hours  later  felt  "pins  and  needles"  in  both  hands  and  pain  in 
the  back,  followed  by  swelling  of  the  neck  and  difficulty  in  moving  it. 
The  tingling  ceased,  but  was  followed  by  a  sense  of  oppression  about 
the  shoulders,  and  persistent  pain  in  the  cervical  region  of  the  spme. 
When  I  saw  him,  two  months  later,  there  was  some  weakness  of  the 
right  arm  and  wasting  of  the  two  outer  interossei,  and  of  that  part  of 
the  long  extensor  which  acts  on  the  two  outer  fingers,  with  loss  of 
faradio  and  preservation  of  voltaic  irritabilily. 

Sensoiy  symptoms  are  prominent  in  some  cases  of  this  class. 
Besides  the  pain  in  the  spine,  to  be  presently  mentioned,  pains  are 
often  felt  in  the  legs,  various  in  character ;  still  more  frequent  are 
spontaneous  sensations  of  tingling,  "pins  and  needles,"  and  the 
feelings  of  defective  sensibility  described  as  "numbness."  Various 
forms  of  hypersasthesia  are  also  common,  with  or  without  such  subjec- 
tive sensations.  This  may  exist  in  any  part,  in  the  soles,  feet,  thighs,  or 
not  infrequently  about  the  genitals.  In  the  latter  region,  and  about 
the  anus,  a  sense  of  coldness  is  often  complained  of.  In  these  regions 
there  may  be  a  distinct  defect  of  sensibility,  but  this  is  slighter  and 
less  frequent  than  in  the  cases  of  the  first  class.  Some  degree  of 
anaesthesia  to  touch  may  be  associated  with  increased  sensitiveness  to 
stronger  impressions.  These  sensory  disorders  may  exist  alone  or  be 
accompanied  by  motor  weakness.  Slight  unsteadiness  or  definite 
inco-ordination  is  present  in  some  cases,  usually  resembling  that  met 
with  in  ataxic  paraplegia. 

In  cases  which  survive  the  acute  stage  there  is  usually  slow  improve- 
ment,  which  is  often  ultimately  very  great.  In  many  cases  recovery 
is  incomplete,  but  improvement  goes  on  for  years,  as  it  does  in  the 
cases  of  considerable  damage  to  the  cord  already  mentioned;  the 
ultimate  degree  attained  is  commonly  much  greater  than  in  cases  of 
oorresponding  character  and  severity  due  to  other  causes  than  injuiy. 
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Some  p3rmdnent  symptoms  are  left»  cliieflj  wHen  the  initial  deiange- 
ment  of  function  has  been  serere,  and  has  lasted  for  some  time. 

(8)  In  the  cases  of  the  third  class,  chronic  symptoms  slowly  follow 
an  injuzy  at  an  interral  usually  of  some  months,  and  the  cases  hare 
the  aspect  loss  of  a  traumatic  lesion  of  the  cord  than  of  a  primary 
cord  disease,  the  relation  of  which  to  the  injury  is  rather  an  inference 
from  the  sequence,  coupled  with  the  absence  of  other  causes,  than  an 
obtrusiye  fact,  as  in  the  cases  of  the  first  and  second  classes.  The  sym- 
ptoms are  usually  those  of  a  definite  system  disease  of  the  cord,  less 
frequently  those  of  a  disseminated  chronic  myelitis  of  irregular  distri- 
bution, still  more  rarely  those  of  chronic  focal  myelitis.  Primary  spastic 
paraplegia,  ataxic  paraplegia,  insular  sclerosis,  locomotor  ataxy,  and 
progressive  muscular  atrophy  are  the  diseases  which  most  frequently 
thus  result.  The  fact  that  an  injury  is  occasionally  the  cause  of  these 
maladies  has  been  already  mentioned  in  the  account  of  their  etiology, 
and  the  symptoms  of  such  cases  so  far  resemble  those  that  are  due  to 
other  causes  that  it  is  not  necessary  here  to  add  anything  to  their  his- 
tory as  already  given.*  We  must  assume  that  the  shock  to  the  nerve- 
elements  causes  a  slow  perversion  of  nutrition,  which  is  only  mani- 
fested by  disturbance  of  function  when  it  has  gradually  attaiued  a 
certain  degree.  Occasionally  other  causes  co-operate,  capable  of 
producing  degeneration.  Previous  syphilis,  or  neurotic  inheritance, 
can  sometimes  be  traced,  and  it  is  a  reasonable  assumption  that  the 
predisposition  thus  arising  may  assist  in  rendering  the  traumatic 
influence  efficient,  or  in  augmenting  its  efEects.  Intermediate  cases 
connect  this  dass  with  the  last,  cases  in  which  we  must  assume,  from 
indications  of  chronic  inflammation,  that  definite  injury  was  produced 
at  one  or  more  spots.  An  instance  of  this,  and  also  of  focal  myelitis, 
was  presented  by  a  man  with  permanent  spastic  paraplegia  and  an 
intense  girdle-pain  at  the  level  of  the  umbilicus.  These  symptoms 
commenced  three  months  after  a  jump  from  a  table,  and  slight 
unsteadiness,  with  pains  in  the  legs,  connected  the  jump  and  the 
paralysis. 

The  several  consequences  of  injuiy,  which  we  have  considered  as  oc- 
curring in  separate  form,  are  not  only  connected  by  intermediate  cases, 
but  are  also  sometimes  distinctly  combined.  Thus  an  actual  and 
immediate  lesion  of  the  cord  may  be  associated  with  an  early  and 
severe  increase  in  the  symptoms  from  the  development  of  subacute 
myelitis  in  other  parts.  The  traumatic  inflammation^  at  the  spot 
damaged,  often  attains  an  intense  degree,  and  runs  a  severe  course,  in 
consequence  of  the  influence  which  may  give  rise  to  such  inflammation, 
apart  from  a  positive  lesion ;  and,  in  both  cases,  the  damage  to  the 
cord  may  be  perpetuated  by  a  degenerative  tendency  It  is  very 
common,  for  instance,  for  an  injury  to  the  cord,  in  those  who  have  had 

*  A  cMe  may,  however,  be  mentioned  Sa  whieli  typieel  tebee  followed  slowly  a 
fall  OB  the  back,  recorded  by  Barbour  ('Joonuof  KerToos  and  Ifental  Di(it:ii»eH/ 
March,  189U  Cmo  IV). 
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fljpliilis,  to  cause  acute  symptoms  wliicli  subside,  but  not  perfectly ; 
and  tlie  residual  disturbance  of  function  may  persist,  and  even  increase 
in  the  course  of  years,  in  consequence  of  the  influence  of  the  previous 
syphilis  in  rendering  the  nenre-elementB  prone  to  degenerate.  Again, 
it  has  been  pointed  out  that  the  gouty  diathesis  is  an  unquestionable 
cause  of  myelitis,  and  often  of  the  grave  relapsing  and  spreading  dis- 
seminated variety.  A  concussion  of  the  cord,  which  causes  only  slight 
symptoms,  may  excite  the  occurrence  of  this  form  of  myelitis  in 
persons  thus  predisposed;  the  symptoms  of  the  later  inflammation 
may  come  on  months  after  the  injury  (the  effects  of  which  ha/e 
generally  not  qtdte  passed  away),  and  are  sometimes  excited  by  some 
over-exertion,  or  slight  fresh  concussion  which  would  have  had  no 
effect  on  a  healthy  individual  I  have  known  the  symptoms  of  insular 
sclerosis,  cerebral  and  spinal,  to  quickly  follow  traumatic  paraplegia. 
One  other  symptom  remains  to  be  considered,  which  is  common  to 
all  forms  of  traumatic  lesion  of  the  cord,  and  is  often  severe  and  per- 
sistent when  other  symptoms  are  slight — spinal  pain.  It  may  con- 
tinue for  years  after  other  symptoms  have  ceased,  and  probably 
depends  on  a  neuralgic  state  of  the  nerves  of  the  membranes  or  of 
those  of  the  vertebral  column ;  often,  probably,  the  pain  depends  on 
the  nerves  of  the  joints  and  ligaments  of  the  spine.  It  is  essentially 
a  traumatic  spinal  neuralgia.  The  pain  may  be  felt  at  one  or  moi-e 
spots ;  when  severe,  it  often  extends  through  a  considerable  length  of 
the  spine,  and  sometimes  passes  up  to  the  occiput.  It  is  occasionally 
referred  to  the  sacrum,  and  may  there  have  the  character  of  a  sense 
of  weight  or  more  vague  discomfort  The  pain  is  associated  with 
tenderness  of  the  spine,  usually  deep-seated,  chiefly  developed  at  the 
injured  part,  but  sometimes  present  also  at  other  spots.  It  may 
giudually  assume  the  features  of  a  true  neuralgia,  may  occur  in 
paroxysms,  and  be  induced  by  mental  and  other  influences  which  do 
not  act  directly  on  the  spine,  as  well  as  by  exertion,  posture,  and  other 
agencies  that  may  immediately  influence  the  affected  structures.  This 
condition  is  often  called  "  spinal  irritation." 

The  cause  of  traumatic  lesions  of  the  cord  often  acts  also  on  the 
brain.  A  cerebral  lesion  may  occur  from  the  violence  which  affects 
the  cord ;  the  cerebral  symptoms  then  co-exist  with  those  of  the  spinal 
lesion,  and  may  mask  the  latter  during  the  early  stage.  More  common, 
however,  is  functional  disturbance  of  the  brain,  the  result,  partly, 
perhaps,  of  the  physical  concussion,  but  chiefly  of  the  mental  shock 
which  a  serious  accident  necessarily  causes.  The  resulting  condition 
is  favorable  to  the  development  and  persistence  of  subjective  sensory 
symptoms.  Attention,  maintained  by  concern,  has  a  powerful  in- 
tensifying influence  on  all  forms  of  nerve-pain,  and  certainly  aids  in 
keeping  up  the  pain  in  the  back,  and  even  the  tenderness  which 
follows  injuries  to  the  spine.  So  marked  is  the  influence  of  '*  nervous- 
ness "  on  the  subjective  symptoms,  that  it  has  been  even  maintained 
that  in  a  large  number  of  oases  of  concussion  of  the  spine  the 
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sjmptoms  are  of  hysterical  origin.*  Well-marked  symptoms  of 
hysteria  are  sometimes  manifested  by  these  patients.  But,  on  the 
other  hand»  it  is  necessary  to  avoid  the  danger  of  over-estimating  the 
effect  of  mental  influence,  and  of  regarding^  as  entirely  due  to  this, 
symptoms  which  are  real,  and  are  merely  intensified  by  attention. 
The  danger  is  especially  great  in  cases  of  railway  injuries,  concerning 
which  an  imbiassed  judgment  is  not  easy  to  secure,  and  in  which,  when 
objective  symptoms  are  absent,  it  is  easy  to  minimise  suffering,  and 
attribute  too  much  to  the  mental  condition.  The  sinister  influence  of 
litigation  on  the  intellect  may  be  traced  very  widely.f  I  believe  that 
it  is  rare  for  symptoms  to  be  purely  mental.  It  is  often  asserted  by 
those  employed  for  railway  companies  that  subjective  symptoms 
quickly  subside  when  the  sufferer's  "  claims  '*  are  settled,  but  it  should 
be  remembered  that  mental  anxiety  is  a  potent  cause  of  diseases  of 
the  nervous  system,  and  must  be  strongly  opposed  to  recovery  from 
genuine  disorders.  The  occurrence  of  improvement  when  suspense  is 
at  an  end  is  thus  no  proof  in  itself  of  the  nature  of  the  case,  and  its 
significance  has  been  unquestionably  over-estimated ;  moreover,  in  a 
great  many  individuals  whom  I  have  had  an  opportunity  of  observing 
long  after  they  had  received  their  "damages'*  (as  the  expression 
xsuriously  runs)  this  subsidence  had  not  occurred,  and  even  the  "  sove- 
reign balm  *'  of  substantial  compensation  has  appeared  to  do  very  little 
for  the  relief  of  the  sufferer. 

These  opinions  have  been  formed  from  a  study  of  cases  other  than 
those  that  involve  litigation,  in  which  no  elements  existed  to  bias  the 
judgment,  and  from  a  comparison  of  these  with  many  "  railway  "  cases 
observed  apart  from  forensic  proceedings.  Those  who  desire  to  learn 
what  can  be  said  on  the  subject  of  "  railway  spines,"  as  they  have  come 
to  be  termed,  when  viewed  from  the  opposite  sides,  will  find  abundant 
material  for  consideration  in  the  writings  of  Erichsen  ('  On  Concussion 
of  the  Spine/  London,  1875)  and  Clevenger  ('  Spinal  Concussion,  or 
Erichsen's  Disease,*  Philadelphia,  1889)  on  the  one  side,  and  of  Page 
('  Injuries  of  the  Spine  and  Spinal  Cord,'  London,  2nded.,  1885)  on  the 
other.  Scattered  papers  by  J.  J.  Putnam,  Walton,  Spitzka,  Buzzard, 
and  others,  more  or  less  instructive,  will  be  found  epitomised  in 
Clevenger's  work,  where  indeed  is  collected  the  pith  of  almost  all  that 
has  been  written  on  the  subject. 

Diagnosis. — ^The  chief  points  in  the  diagnosis  of  traumatic  lesions 

of  the  cord  have  been  already  inddentaUy  considered.    Immediate 

.symptoms  may  be  due  to  laceration,  hflemorrhage,  or  to  simple  con- 

vcussion,  and  the  diagnosis  between  these  is  not  always  possible  at 

first.     If  there  are  immediate  symptoms  of  a  partial  lesion,  these 

•  J.  J.  Putnam, '  Boston  Med.  and  Surgical  Jonmal/  1883,  Sept.  6th. 

t  Not  many  yean  ago  it  was  onstomary  for  the  "expert*"  who  i^Hve  evidence  on 
behalf  of  railway  companiet  to  deny  that  the  spinal  cord  conld  be  injured  if  the  legs 
were  nnwasted.  Although  the  opinion  dare  not  now  be  •zprasaedf  ita  significance  is 
not  wUhoat  analogies  at  the  present  day. 
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indicate  direct  injur  f,  while  the  rapid  subsidence  of  tlie  distuibanoe 
of  function  lenderF  simple  concussion  probable,  and  excludes  any 
considerable  direct  injury.  The  later  deyelopment  of  paralysis  in- 
dicates myelitis,  u*  Jess  there  is  evidence  of  considerable  irritation  of  the 
nerve-roots  at  a  certain  level,  which  suggests  inflammation  outside  the 
cord,  and  perhaj  s  even  outside  the  dura  mater.  The  greatest  diagnostic 
difficulty  is  p.esented  by  the  cases  just  mentioned,  in  which  the 
symptoms  ar ;  subjective,  and  anxious  attention  has  been  long  given 
to  the  local  discomfort.  The  chief  elements  in  the  diagnosis  of  these 
cases  have  ^icen,  however,  already  indicated.  It  is  important  to  search 
for,  and  U  give  due  weight  to,  any  symptoms  beyond  the  simple  spinal 
pain.  S)  -ght  "  tingling  "  or  "  creeping  "  sensations  may  be  of  cerebral 
and  "  fu'  tctional"  origin,  but  apersistent  sensation  of  "  pins  and  needles" 
rarely  fs  of  that  nature.  A  definite  sense  of  constriction  is  also 
stron^^y  suggestive  of  organic  disease,  and  so  is  a  well-marked 
difEevmce  in  the  power  of  the  muscles  on  the  two  sides.  The  latter  is 
of  VAst  significance  if  the  excess  is  slight,  general,  and  on  the 
riff  it  side — of  much  greater  significance  if  the  diminution  is  partial, 
p.^d  afEects  only  certain  groups  of  muscles,  such  as  the  flexors  of  the 
dip  and  knee,  or  the  peronei.  Any  impairment  of  power  over  the 
bladder  or  rectum  is  of  great  diagnostic  importance ;  loss  of  sexual 
power,  on  the  other  hand,  is  of  little  value,  since  this  function  is 
readily  depressed  by  mental  anxiety  and  preoccupation.  A  slight 
change  in  reflex  action  is  most  significant  when  it  is  partial.  A  foot- 
clonus  or  rectus-clonus  is  strong  presumptive  evidence  of  organic 
mischief.  A  slight  excess  of  the  knee-jerk  is  of  little  value ;  although 
It  probably  always  indicates  some  changes  in  the  nutrition  of  the 
spinal  cord,  it  does  not  indicate  structural  disease.  In  all  cases  it 
should  be  remembered  that  the  absence  of  any  common  symptom 
is  of  far  sUghter  significance,  as  evidence  of  integrity  of  the  cord* 
than  IB  the  presence  of  that  symptom  as  evidence  of  diseasa  It 
may  seem  superfluous  to  insist  on  a  consideration  so  elementaiy,  but 
it  is  still  possible,  as  experience  proves,  for  a  medical  witness  to  assert 
in  a  court  of  law  that  a  claimant's  spinal  cord  cannot  have  been  injured 
because  some  symptom  is  absent,  the  presence  of  which  would  be 
important. 

Prognosis. — Immediately  after  an  accident  a  cautious  prognosis 
should  be  given,  even  if  the  symptoms  are  slight,  on  account  of  the 
possibility  that  grave  disturbance  may  develop  in  the  course  of  a  few 
days.  In  developed  cases  the  prognosis  must  in  general  be  guided 
by  the  same  considerations  as  those  which  determine  our  estimation  of 
the  probable  course  of  symptoms  of  similar  character  and  severity 
due  to  spontaneous  myelitis.  To  this  there  are,  however,  two  general 
exceptions.  First,  the  danger  of  death,  if  any  exists,  is  greater  in 
traumatic  cases  than  in  others,  as  long  as  the  symptoms  are  increasing. 
Secondly,  if  there  is  no  danger  to  life,  or  such  danger  has  passed,  the 
prospect  of  improvement  is  distinctly  greater  than  in  a  case  of  similar 


TEAUMATIO  LESIONS.  663 

features  but  of  non-traumatio  origin.  If  the  symptoms  are  slight  or 
moderate  in  degree  approximate  recovery  may  be  anticipated,  although 
dight  symptoms  often  endure  for  a  very  long  time.  Indeed,  in  many 
cases  recovery,  although  approximate,  is  not  perfect.  The  patient  is 
never  quite  as  strong,  never  becomes  quite  as  capable  of  exertion, 
as  before  the  injury.  A  cautious  prognosis  should  also  be  given 
whenever  there  is  the  late  and  gradual  onset  or  increase  of  symptoms 
that  suggests  a  degenerative  process.  Such  degeneration  presents  far 
less  tendency  to  arrest  or  subsidence  than  do  the  earlier  lesions.  As 
a  rule  the  sooner  symptoms  occur  the  better  is  the  prospect  of  ultimate 
improvement  or  recovery,  provided  they  are  not  so  severe  as  to  be 
incompatible  with  life. 

Tbbatmbkt. — The  early  treatment  of  these  cases,  and  much  of  the 
later  treatment  of  those  in  which  the  spinal  column  is  injured,  is 
purely  surgical.  The  points  of  medical  character  alone  need  special 
mention,  and  many  of  these  have  been  anticipated  in  the  preceding 
pages.  In  all  cases  in  which  spinal  symptoms  are  present  im- 
mediately after  an  injury,  however  slight  those  symptoms  may  be, 
absolute  rest  should  be  insisted  on  for  some  days  or  weeks,  according 
to  the  severity  of  the  early  symptoms.  This  is  necessary  on  account 
of  the  secondary  inflammation,  which,  as  we  have  seen,  so  often  occurs. 
The  treatment  of  developed  symptoms  must  be  conducted  on  the  same 
general  principles  as  in  cases  of  myelitis;  the  details  need  not  be 
here  repeated.  If  there  is  muscular  wasting,  it  is  important  that  the 
nutrition  of  the  muscles  should  be  maintained  by  electrical  stimuhv- 
tion,  since  a  veiy  considerable  amount  of  ultimate  recovery  may  be 
anticipated,  and  it  is  important  to  keep  the  muscular  tissue  as  far 
as  possible  in  a  condition  to  respond  to  the  nerve-power  when  this 
returns.  If  there  is  reason  to  believe  that  there  is  inflammation  of 
the  membranes,  or  inflammatoiy  effusion  outside  the  cord,  com- 
pressing it,  mercury  may  be  given,  but  this  condition  is  probably 
much  more  rare  than  might  be  anticipated.  The  influence  of 
mercury  on  inflammation  of  the  substance  of  the  cord  is  doubtful. 
The  chief  element  in  treatment  is  patiently  to  permit  time  to  do  its 
work,  and  the  tissues  to  slowly  regain  such  integrity  of  structure  and 
function  as  is  possible;  meanwhile  preserving  the  patient  from  all 
influences  likely  to  interfere  with  the  process  or  to  setup  other  mischief, 
such  as  cystitis  or  bedsores,  which  would  entail  fresh  danger.  There 
is,  however,  one  therapeutic  measure  that  is  of  unquestionable  value 
in  the  treatment  of  the  later  stages,  especially  of  the  cases  in  which 
the  recurring  symptoms  suggest  a  relapsing  myelitis  as  the  sequel  of 
injuiy ;  and  that  is  the  repeated  application  of  a  mild  "actual  cautery" 
on  each  side  of  the  spine  opposite  the  affected  region.  Several 
applications  should  be  made,  with  or  without  an  anaesthetic.  It  is 
not  desirable  to  lessen  the  pain  by  cocaine,  because  this  is  likely  to 
interfere  with  the  influence  of  the  proceeding,  the  beneflcial  character 
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of  wbicli  18  undoubted.*  The  degeneratiye  sequelas  of  injunes  to  lihe 
Gord  need  the  same  treatment  as  the  similar  degenerations  that  occur 
apart  from  traumatic  influences.  Whenerer  there  is  evidence  of  dis- 
placement of  the  bones,  or  reason  to  suspect  that  the  cord  is  compressed 
bj  fractured  fragments,  or  eren  bj  products  of  secondaiy  inflammation 
outside  it,  the  propriety  of  trephining  the  spine  needs  to  be  considered. 
The  problem  is  chieflj  surgical,  but  the  fact  that  it  will  probably  not 
be  necessaiy  to  open  the  dura  mater  increases  the  desirability  of 
giving  the  patient  this  chance  of  relief.  If  needed,  the  sooner  the 
measure  is  adopted,  when  improrement  has  ceased,  the  better. 

The  treatment  of  the  neuraJgio  condition  of  spinal  pain  and  tender- 
ness, which  so  often  succeeds  injury,  is  frequenUy  difficult.  Counter- 
irritation  is  often  useful,  either  by  the  actual  cautery,  blisters,  iodine^ 
or  repeated  sinapisms.  Of  sedatiyes,  Indian  hemp  is  most  eflectiveb 
next  to  morphia,  which  should  be  used  as  seldom  as  possible.  Hypo- 
dermio  injections  of  cocaine  may  be  tried.  When  all  active  misdhief 
is  over,  and  the  pain  has  become  purely  neuralgic,  it  is  often  neces- 
sary to  encourage  the  patient  to  neglect  it  in  some  degree^  and  to 
exert  himself  in  spite  of  it,  while  avoiding  whatever  increases  it  in 
considerable  degree  and  for  a  considerable  time.  At  the  same  time 
extreme  oare  should  be  observed  by  all  persons  who  possess  the 
oonstitutional  states  above  mentioned,  predisposing  them  to  myeKtis, 
fte.  This  is  especially  necessary  when  any  symptoms  persist^  and 
often  difficult  to  secure,  except  by  uncompromising  insistoiceb  in  those 
who  have  been  accustomed  to  a  life  of  active  exertion. 


FUNCTIONAL  AND   NUTRITIONAL  DISEASES. 

FimCTIONAI.  DiSEASSS. 

Very  little  is  known,  though  much  is  heard,  of  functional  diseases 
of  the  spinal  cord.  It  is,  indeed,  open  to  doubt  whether  there  are  any 
morbid  states  which  can  accurately  be  thus  designated;  as  was 
pointed  out  in  the  Introduction,  most  morbid  states  thus  described 
are  either  due  to  disturbance  of  cerebral  functions,  or  are  the  result 
of  changes  in  the  nutrition  of  the  elements  of  the  cord.  The  deranged 
function  may  be  an  expression  of  altered  nutrition,  as  it  is  of  altered 
structure,  but  such  cases  can  only  be  termed  "  functional  *'  by  a  loose 
misuse  of  words.  We  have  an  example  of  the  transference  of  our 
conceptions  of  functional  derangements  from  the  brain  to  the  cord, 
in  the  fact  that  hysterical  paraplegia  is  often  regarded  as  a  functional 
affection  of  the  cord  because  the  symptoms  have  the  same  distribution 
as  those  of  organic  diseases  of  the  cord;  but  a  little  oonsideration 

*  For  first  directing^  my  attention  to  the  fact,  and  tii«  evidence  mpporting  it  la 
theae  cases,  I  am  indebted  to  Dr.  John  Anderson. 
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win  slioir  that,  in  a  oasa  of  purely  hysterical  paraplegia,  the  morbid 
functional  condition  is  cerebral ;  the  brain-centres  which  act  on  the 
legs  are  at  faulty  but  the  condition  of  the  functions  of  the  cord  itself 
may  be  absolutely  normal.  The  spinal  motor  centres  are  in  a  state  of 
inactiTitj  because  the  related  cerebral  centres  are  inactive,  but  this  is 
no  more  a  diseased  condition  of  the  cord  than  is  its  corresponding 
functional  state  during  physiological  rest.  Hysterical  paraplegia  will 
be  described,  with  other  palsies  of  like  origin,  in  the  chapter  on 
hysteria — a  malady  for  which  the  term  **  functional "  is  often  employed 
in  various  ways,  as  a  convenient  euphemism. 

At  the  same  time,  it  must  be  remembered  that  there  is  no  sharp 
line  of  demarcation  between  functional  derangement  and  nutritionid 
changes.  As  already  mentioned,  no  functional  state  can  exist 
without  leaving  behind  it  some  corresponding  change  in  the  finer 
molecular  nutrition  of  the  structures ;  and  if  functional  derangement 
of  lower  structures  results  from  that  of  higher  cerebral  centres,  and 
is  maintained  for  long,  the  change  in  nutrition  that  results  may  be 
oonsiderable,  and  may  be  so  definite  as  to  persist  even  after  its  cause 
has  ceased  to  act.  Moreover  the  general  enf eeblement  of  defective 
nutrition  of  the  nerve-elements  is  a  potent  cause  of  this  functional 
disturbance,  and  at  once  facilitates  and  augments  such  effects.  The 
process  may  be  observed  in  many  cases  not  only  of  hysteria^  but 
also  of  other  derangements  of  the  cerebral  functions,  and  it  ia  seen 
also  in  lower  centres  as  an  effect  of  pain. 

Isolated  disturbance  of  functional  centres  in  the  cord  does,  however, 
sometimes  occur.  It  is  seen  in  the  conditions  of  inhibition  which  are 
designated  **  reflex  paralysis."  Such  palsies  were  once  thought  to  be 
common  and  persistent,  but  it  has  been  proved  that  many,  and  it  is 
probable  that  all,  cases  of  considerable  and  prolonged  palsy,  formerly 
thought  to  be  of  reflex  origin,  are  due  to  organic  disease,  either 
primary  in  the  cord  or  secondary  to  an  ascending  inflammation  of 
nerves.  But  transient  paralysis  sometimes  occurs,  which  cannot  be 
otherwise  explained  than  as  an  inhibition  of  a  spinal  centre,  due  to 
peripheral  irritation.  Such,  for  instance,  is  the  curious  inability  to 
pass  urine  which  sometimes  follows  an  operation  on  the  anus, — the 
division  of  a  fistula,  for  instance,  or  the  removal  of  hsemorrhoids. 
The  inability  may  continue  absolute  for  several  days.  Transient 
weakness  of  one  arm  is  said  sometimes  to  follow  an  operation  for 
empyema  (Lepine),  but  the  fact  that  the  weakness  may  be  attended 
by  choreoid  movements  in  both  arm  and  leg  of  one  side  (Weil) 
makes  it  probable  that  the  influence  is  exerted  on  a  cerebral  rather 
than  on  a  spinal  centre.*  Considerable  paraplegia  was  thought  to  be 
sometimes  a  reflex  effect  of  disease  of  the  bladder,  or  of  a  calculus  or 
other  organic  disease  in  the  kidney,  but  it  is  probable  that  such  cases 
are  always  of  organic  nature.    Ascending  neuritis,  reaching  the  cord, 

*  Paraljiia  mnd  wasting  of  •errati  niagni  and  iofra-spinatt  mnscles  have,  how- 
ever, followed  doable  empyema  (Cay ley,  'Clin.  Soc.  Trans.,'  1898,  toL  xzxi). 
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has  also  been  proved  to  be  the  cause  of  lasting  symptoms  in  manj 
«ases  supposed  to  be  of  reflex  origin.  In  one  important  class  of  cases 
in  which  functional  disturbance  of  the  cord  is  purely  secondaiy  to  a 
morbid  state  of  the  brain,  organic  or  not,  as  has  been  already  men- 
tioned, the  expression  in  the  limbs  of  all  deranged  functions  of  the 
brain  is  through  the  spinal  cord ;  but  such  disturbance  of  the  cord  is 
purely  secondary,  and  ceases  when  the  cerebral  centres  resume  their 
normal  state ;  or,  if  it  is  continued  longer,  this  is  merely  for  a  brief 
space  of  time,  imtil  the  disturbed  structures  can  regain  their  normal 
state.  Thus,  in  idiopathic  epilepsy,  the  conyulsion  is  produced  through 
the  agency  of  the  spinal  structures,  and  their  oyer-action  may  leare 
them  so  exhausted  that  the  reflex  functions  are  for  a  short  time 
abolished.  But  such  conditions  cannot  be  regarded  as  coming  into 
the  categoiy  of  functional  disease  of  the  cord. 

The  nearest  approach  to  such  disease  is  presented  by  certain  forms 
of  spasmodic  disorder,  such  as  transient  fixed  spasm,  catalepsy,  and 
certain  forms  of  tonio  spasm,  which  depend  proximately  on  spinal 
centres ;  and  by  some  varieties  of  neuralgic  and  other  painful  affeo> 
tions  or  dyBsesthesise,  in  which  the  sensory  elements  of  the  cord  are 
deranged  in  action.  But  we  can  seldom  feel  sure  that  the  symptoms 
in  the  former  class  are  dependent  on  a  primary  derangement  of  the 
cord ;  more  often  they  are  clearly  secondary  to  disturbance  of  cerebral 
centres,  which  may  indeed  co-eidst,  and  the  cases  are  better  described 
among  the  general  functional  affections  of  the  nervous  system ;  while 
those  of  the  second  dass  have  features  and  alliances  which  make 
it  more  convenient  to  describe  them  among  the  forms  of  neuralgia. 

In  another  series  of  cases,  derangement  of  the  motor  functions  of 
the  spinal  cord  is  secondary  to  pain,  generally  that  which  has  such 
a  seat  that  it  is  increased  by  movement ;  sometimes  pain  that  is  not 
related  to  movement,  but  is  so  intense  as  to  act,  by  mere  severify,  on 
related  structures.  It  may  be  in  the  spine  itself,  in  the  trunk,  or  in 
the  limbs.  Over-action  of  the  motor  centres  and  spasm  may  be  the 
result,  or  the  centres  may  be  inhibited,  causing  a  pseudo-paralysis, 
which  may  be  real,  but  often  blends  with  a  voluntary  indisposition  to 
move  the  parts,  lest  pain  be  produced.  Spasm  is  generally  brief,  and 
the  reflex  result  of  some  sudden  pain,  as  is  often  seen  in  the  case  of 
the  "  lightning  pains  "  of  tabes.  When  more  prolonged  contracture 
results,  as  in  cases  m  which  hysterical  contracture  follows  some 
painful  affection  of  a  limb,  the  co-operation  of  cerebral  centres  cannot 
be  excluded.  The  inhibitory  influence  is  strikingly  seen  in  the 
immobility  of  one  half  of  the  thorax  in  pleurodynia ;  and  in  brachial 
neiu-itis  the  effect  may  render  it  impossible  to  say  whether  or  not 
there  is  real  motor  weakness.  Some  forms  of  spasm  may  perhaps  be 
due  to  primary  disorder  of  the  spinal  centres,  such  as  the  peculiar 
cramp  in  the  hands,  coming  on  during  sleep,  that  is  described  in 
Yol.  II  as  "  nocturnal  tetany,"  and  the  startings  of  the  limbs  on  going 
to  sleep ;  but,  for  the  most  part,  these  spasmodic  affections  are  either 
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Beoondaiy  to  morbid  states  of  the  cerebral  motor  centres,  or  form  part 
of  diseases  of  wider  range  in  connection  with  which  thej  are  described. 

Other  cases  which  may  be  regarded  as  functional  are  those  in 
which  symptoms,  commonly  subjectiye  in  character,  result  from 
some  morbid  blood-state.  The  conditions  which  most  frequently 
have  this  effect  are  gout  and  diabetes.  Occasionally  there  is  defi- 
nite failure  of  power,  lasting  for  a  few  days  or  weeks,  without 
objectiye  symptoms,  and  passing  away.  But  the  most  common 
symptoms  from  this  cause  are  sensory  and  subjective, — ^feelings 
of  tingling  and  formication  in  the  legs,  dull  aching,  and  sometimes 
actual  pain ;  this  is  usually  transient,  but  occasionally  continues  for 
some  days  or  weeks,  yarious  in  position,  but  in  gouty  cases  often  felt 
in  the  heels.  Such  symptoms  due  to  morbid  blood-states  occur  chiefly 
during  the  second  half  of  life.  Those  of  gouty  origin,  like  other 
symptoms  of  the  same  dass,  are  especially  common  in  persons  who 
inherit  a  tendency  to  gout,  but  have  not  suffered  from  attacks  of 
definite  arthritis. 

In  the  diagnosis  of  functional  disorders  the  first  element  is  the  ex* 
dosion  of  any  sign  of  positive  disease,  and  the  second  is  the  discovery 
of  some  morbid  state  capable  of  giving  rise  to  the  functional  derange- 
ment, or  of  associated  symptoms  imequivocally  functional  in  duuraoter. 
The  first  of  these  is  that  of  primary  and  paramount  importance^ 
which,  alike  in  practice  and  reasoning,  should  precede  the  others. 
The  various  points  involved  in  the  diagnosis  of  hysterical  affections 
are  described  in  the  diapter  on  that  disease  in  YoL  II ;  one  only  need 
be  mentioned  here — ^the  importance  which  attaches  to  the  state  of 
myotatic  irritability  in  the  legs,  and  the  great  difficulty  in  ascertaining 
it  presented  by  many  of  these  cases.  Permanent  excess  shows  that 
there  is  more  than  functional  derangement;  although  it  does  not 
exdude  the  latter,  it  indicates  dianges  in  nutrition,  and  will  be  re- 
turned to  presently.  The  cases  in  whidi  the  knee-jerk  is  apparently 
absent  present  a  spedal  difficulty.  It  is  never  really  absent  in  fono- 
tional  disorder  (except  when  the  centres  are  exhausted  by  violent 
convulsion),  any  more  than  it  is  in  health.  Failure  to  obtain  it  is 
due  to  the  inability  of  the  patient  to  relax  the  muscles,  which  may 
render  attempt  after  attempt  futile»  until,  in  some  fortunate  moment^ 
relaxation  is  secured  and  a  characteristic  jerk  is  obtained.  The 
expedients  that  facilitate  the  attempt  have  been  already  mentioned 
(p.  21),  and  the  subject  has  been  suffidently  discussed  in  the  account 
of  the  diagnosis  of  tabes. 

The  treatment  of  functional  disorders  is  that  of  the  morbid  states 
to  which  they  are  due,  or  of  whidi  they  form  part,  and  does  not  need 
special  description.  That  of  the  symptoms  due  to  toxic  influences  is 
necessarily  the  removal  of  the  condition  which  causes  them,  but  they 
may  be  to  some  extent  relieved  by  sedatives,  of  which  bromide  <rf 
potassium,  cocaine,  Indian  hemp,  cimicifuga,  and  small  (7  or  10  gr.) 
doses  of  chloralamide  are  the  most  effective. 
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Among  the  cases  often  classed  as  functional  diseases  of  the  spiiial 
cord  are  some  in  wbicli  objective  symptoms  of  deranged  foncition, 
slight  in  degree  but  definite  in  cbaracter,  persist  for  months,  jears,  or 
for  life.  They  commence  chiefly  in  those  in  the  early  and  middle  period 
of  adult  life,  and  are  more  common  in  women  than  in  men.    Bach 
symptoms  are  inability  to  walk  more  than  a  short  distance  without 
fatigue,  impaired  nutrition  of  the  legs,  slight  increase  of  myotatie 
irritability,  often  associated  with  pain  ia  the  back,  aching  in  the  legs 
(sometimes  amounting  to  actual  pain),  and  various  spontaneous  sensa- 
tions of  tingling, "  pins  and  needles,"  formication,  and  the  like.  There 
is  often  aching  in  the  legs  at  night,  especially  when  the  patient  Ues  on 
the  back,  and  hence  probably  due  to  passive  accumulation  of  blood  in 
the  spinal  vessels.    Such  symptoms  occur  especially  in  those  of  neurotic 
disposition,  who  often  present  other  signs  of  the  nervous  weakness  thai 
it  is  now  fashionable  to  term  "  neurasthenia."    In  mauy  cases,  if  the 
history  of  such  symptoms  is  traced,  they  will  be  found  to  date  from 
some  definite  exciting  cause,  from  an  attack  of  acute  illness,  such  as 
typhoid  fever  or  acute  rheumatism,  from  pregnancy,  a  fall,  oveiv 
exertion,  and  the  like,  or  to  have  come  on  during  a  period  of  general 
or   nerve    weakness,  ansBmia,  anxiety,  Ac.      Enfeeblement  of  the 
nervous  system  often  results,  and  the  impaired  nutrition  of  the  cord 
may  be  only  part  of  a  similar  general  state.    A  slight  increase  in 
myotatie  irritability  is  exceedingly  common,  enough  to  permit  the 
knee-jerk  to  be  obtained  by  tapping  the  depressed  patella ;  but  there 
is  rarely  a  distinct  clonus,  at  most  only  two  or  three  jerks,  quickly 
ceasing.    We  cannot  conceive  that  symptoms  so  persistent  can  depend 
on  any  mere  functional  derangement ;  it  is  probable  that  they  depend 
upon  changes  in  the  finer  nutrition  of  the  nerve-elements,  too  slight 
to  be  detected  by  the  microscope,  but  causing  a  corresponding  and 
persistent  alteration  of  function.    We  have  seen  that  the  termination 
of  the  upper  segment  of  the  motor  path  is  probably  that  structure  of 
the  cord  which  has  least  nutritional  stability,  and  is  therefore  most 
susceptible   of   nutritional  derangement.      Its   degeneration   is  the 
apparent  cause  of  persistent  excess  of  myotatie  irritability,  and  hence 
we  can  understand  the  frequency  with  which  there  is  such  an  excess  in 
these  cases.    There  are  probably  gradations  between  such  conditions 
and   actual  structural  disease  in  which  minute  examination  reveals 
visible   alteration;   and  there  are  certainly  gradations  between  the 
symptoms  above  described,  and  those  in  which  the  derangement  of 
function  is  so  considerable  and  special  that  the  case  must  be  regarded 
as  one  in  which  actual  disease  exists,  of  one  or  other  of  the  types 
described  in  the  preceding  pages.    We  have  already  had  occasion  to 
consider  these  nutritional  changes  as  probably  underlying  the  con- 
dition of  arthritic  muscular  atrophy,  and  we  have  seen  that  the  alten- 
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tions  in  Bpinal  nutrition  in  tbat  disease  are  apparently  the  result  of 
the  impressions  on  the  peripheral  nerves.  In  women  such  a  con- 
dition is  often  associated  with  uterine  or  oyarian  pain,  and  with  sacral 
pain  apparently  of  uterine  origin.  It  is  possible  that  the  condition 
we  have  been  considering  is  sometimes  secondary  to  such  uterine  pain, 
which  acts  in  a  manner  somewhat  analogous  to  that  in  which  joint 
inflammation  acts,  and  that  this  is  the  explanation  of  many  of  the 
cases  in  which  a  reflex  disturbance  of  the  functions  of  the  cord  has 
been  supposed  to  be  of  uterine  origin.  The  condition  is  also  often 
associated  with  spinal  pain  and  tenderness,  which  may  haye  a  similar 
influence. 

In  the  diagnosis  of  these  nutritional  affections  of  the  spinal  cord  it 
is  important  to  remember  that  they  may  be  closely  simulated  by 
analogous  changes  in  the  peripheral  nerreSy  constituting  the  slight^ 
degrees  and  forms  of  polyneuritis.  The  chief  points  in  the  distinction 
have  been  described  in  the  account  of  that  disease.  It  is  in  the 
parenchymatous  forms,  and  especially  in  the  sensory  varieties,  that  the 
danger  of  confusion  is  apt  to  arise.  Symmetry  in  the  distribution  of 
the  subjective  sensations,  or  positive  ansesthesia,  and  their  localisation 
in  the  extremities,  are  the  most  important  features  of  neuritic  change. 
Oonnected  with  this  distinction  is  another,  of  not  less  importance. 
Nutritional  changes,  equally  with  the  simpler  functional  derangement^ 
may  be  the  result  and  expression  of  the  action  of  some  toxic  blood- 
state,  and  all  that  has  been  said  in  connection  with  mere  altemtion  in 
function  applies  also  to  the  class  now  under  consideration.  Toxio 
influences  cannot,  indeed,  act  for  long  without  leading  to  changes  in 
nutrition,  which  may  speedily  attain  a  degree  that  amounts  to  visible 
structural  disease.  A  search  for  such  an  agency  should  never  be 
neglected  in  any  case  in  which  the  symptoms  have  not  followed  an 
adequate  cause,  and  do  not  form  part  of  a  general  state  of  the  same 
nature.  But  it  must  be  remembered  that  the  peripheral  nerves  are^ 
aa  a  rule,  more  susceptible  to  toxic  influences  than  is  the  spinal  cord, 
and  this  fact  gives  additional  weight  to  any  indications  that  it  is  from 
these  that  the  symptoms  proceed.  Lastly,  symptoms  suggestive  of 
mere  changes  in  the  finer  nutrition  of  the  nerve-elements  are  fre- 
quently the  earliest  indications  of  organic  disease  of  one  or  another 
<rf  the  types  already  described,  and  in  all  recent  and  progressive 
oases  their  general  character  and  aspect  must  be  carefully  considered, 
and  compared  with  the  known  features  of  the  various  oiganio 
diseases. 

The  cases  with  such  slight  but  persistent  symptoms  as  have  been 
just  described  vary  much  in  their  features,  and  may  present  all  sorts 
of  slight  symptoms,  in  the  utmost  diversity  of  degree  and  combina- 
tion. To  consider  them  in  detail  would  be  to  describe  an  indefinite 
series  of  individual  cases,  no  two  of  which  are  identicaL  The  precise 
degree  and  manner  in  which  the  nerve-elements  suffer  may,  it  is 
evident,  be  almost  infinitely  various.    Their  corresponding  manifesta- 
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lions  present  features,  combinations,  and  gradations  that  enliidj 
baffle  an  attempt  to  designate  them,  or  even  to  perceive  definite  types 
about  which  thej  can  be  grouped.  These  are  some  of  the  cases  of 
disease  inhich  exemplify  the  failure  of  types  in  practical  work,  the 
error  involyed  in  the  attempt  to  gire  names,  and  the  paramount 
importance,  in  the  process  of  diagnosis,  of  considering  what  morbid 
condition  the  symptoms  indicate,  and  of  dealing  with  each  case  aa  a 
new  problem,  sui  generis,  whether  or  not  it  is  ultimately  found  to  be 
one  of  a  familiar  series.  This  method,  moreorer,  conducts  th( 
practitioner  at  once  to  the  morbid  processes  that  need  treatment^ 
and  should  determine  the  character  of  his  efiEorts  to  alter  that  which  is 
at  fault. 

It  is  unfortunately  not  common  for  the  indications  of  nutritional 
disturbance  of  the  cord,  when  they  have  been  long  established,  to  pass 
away  altogether,  although  some  degree  of  improvement  can  often  be 
secured;  and  in  many  cases,  especially  in  those  of  brief  duration, 
approximate  restoration  to  a  normal  state  may  take  place. 

The  treatment  necessarily  varies  according  to  the  precise  con- 
dition that  exists,  and  the  causes  on  which  it  depends.  The  removal 
of  these  as  far  as  possible,  and  of  any  influence  likely  to  depress  the 
nervous  system,  must  be  the  first  consideration.  It  should  be  remem- 
bered that  no  part  of  the  nervous  system  is  unaffected  by  mental 
•depression,  and  that  impairment  of  the  general  health  may  render  im- 
possible recovery  from  local  disease.  From  these  general  principles 
the  details  of  the  treatment  of  individual  cases,  too  various  to  be  here 
described,  may  readily  be  deduced.  Therapeutic  measures  that  are 
thus  reasoned  out  and  determined  on  by  the  indications  of  the  special 
case  are  far  more  likely  to  be  successful  than  those  that  are  simply  taken 
from  a  description  of  treatment.  The  only  points  that  need  special 
mention  are,  first,  the  importance  of  securing  mental  tranquillity  by 
producing  the  conviction,  when  possible,  that  no  grave  disease  azista 
or  is  impending,  and  with  it  the  disregard  of  those  slighter  sensations 
<yf  discomfort  that  become  more  aggressive  and  disabling  the  more  th^ 
are  noticed.  At  the  same  time  it  is  important  that  the  patient  should 
avoid  all  over-exertion,  all  risk  of  falls  or  chills,  and  should  be  espe- 
cially careful  in  regard  to  sexual  intercourse,  which  often  has  a  peooliar 
«£Eect  in  augmenting  the  symptoms;  and  in  the  unmarried,  perfect 
continence  should  be  enjoined.  Often,  indeed,  in  the  case  of  men,  the 
mental  preoccupation  causes  an  apparent  failure  of  sexual  desire,  which 
itself  is  a  source  of  concern — generally  groundless.  Beassurance  on 
this  point  frequently  helps  to  secure  the  desired  mental  state.  Equally 
important  is  it  to  disabuse  the  sufferer's  mind  of  the  idea  that  seminal 
loss  is  weakening — an  error  widely  prevalent ;  the  truth  being  that  any 
depressing  influence  comes  only  from  the  associated  nervous  action.  Bat 
it  is  important  to  lessen  undue  frequency  of  nocturnal  emisaiona,  and 
for  this  nothing  is  so  effective  as  Milton's  remedy,  large  doaea  of  tha 
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iinct.  ferri  percUor.  (iTtxz  or  xxz)  three  times  a  day,  oouDled  witb 
the  avoidance  of  lying  on  the  back. 

The  relief  of  disabling  pain,  by  the  measnros  described  in  the 
chapter  on  neuralgia,  and  by  the  treatment  of  any  local  morbid  state, 
is  indispensable.  Best  from  work,  the  improvement  of  the  general 
health,  and  the  administration  of  nervine  tonics,  such  as  arsenic, 
phosphorus,  quinine,  stzychnia,  and  the  like,  are  the  chief  other  points 
in  treatment.  A  course  of  massage,  or  of  gentle  faradisation  of  the 
musdesy  is  also  often  osef uL 
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In  1862  Eolliker  first  described  the  mosde-spindle,  and  in  the 
following  year  Kiihne  added  considerably  to  the  description  given  by 
Kolliker.  Both  these  investigators  considered  that  the  mnscle-spindle 
was  a  stage  in  the  development  of  muscle  and  nerve,  and  although  in 
the  following  years  a  considerable  number  of  investigators  on  the 
subject  published  their  researches,  it  was  not  till  1888  that  Kerschner 
argued  the  sensory  nature  of  the  muscle-spindle.  In  1898  BufSni 
described  an  annulo-spiral  nerve  termination  within  the  spindle,  but  it 
remained  for  Sherrington  in  1894  to  prove  by  experiment  that  the 
nerve  supplying  the  spindle  passed  up  in  tiie  posterior  root  and 
definitely  to  settle  the  sensory  nature  of  the  muscle-spindle. 

DistriiuUon,  —  Muscle-spindles  have  been  found  in  nearly  all 
skeletal  muscles  of  the  body,  excepting  the  eye  muscles  and  the 
diaphragm.  They  are  abundant  in  the  small  muscles  of  the  hand  and 
in  the  arm  muscles,  and  are  more  numerous  in  the  belly  of  the  muscle 
than  near  the  tendon.  In  relation  to  this  statement  it  is  well  to 
recoprnise  that  the  musculo-tendon  organs  are  found  to  be  numerous 
in  the  region  of  the  tendon.  The  muscle-spindle  is  present  at  all  ages 
from  the  fourth  month  of  foetal  life  onwards. 

Size. — The  size  of  the  muscle-spindle  varies  considerably,  not  only 
in  the  same  muscle  but  also  with  regard  to  the  length  of  the  mnsde^ 
and  the  age  of  the  subject,  being  longer  in  the  adult  than  in  the  child, 

*  The  following:  aocoant  of  the  nnucle-ipindle  hat  been  kindly  written  bj  Dr.  F. 
E.  Batt4>n,  whoie  able  and  industrious  researches  on  the  inljeet  rtnder  this  i 
■ion  of  h\*  viewi  moet  valuable. 
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and  in  the  larger  musdes.  Its  average  length  is  from  2  to  4  mm. 
(tV  to  -^r  of  an  inch),  but  it  may  measure  as  much  as  12  mnu 
(i  inch).  The  average  breadth  at  the  equatorial  r^on  is  from  *15  to 
*4  mm.  No  reliable  estimate  of  the  number  of  musde-spindles  within 
the  musdes  has  yet  been  made,  but  seventy-nine  have  been  found  in 
one  biceps. 

Varieties  in  the  musde-spindle  exist.  Thus,  they  are  not  always 
single,  but  may  be  compound,  by  the  junction  of  two  or  more,  so  that 
the  pole  of  one  spindle  enters  into  the  equatorial  region  of  another. 
Again,  it  is  not  uncommon  to  find  spindles  joined  at  their  poles ;  as 
many  as  three  have  been  found  in  a  row.  Buffini  distinguishes  three 
classes  of  spindles  according  to  the  complexity  of  their  nerve  termina- 
tions. 

The  muscle-spindle  lies  parallel  to  the  musde-fibre  of  the  musdes  in 
which  it  exists,  and  not  unfrequently  paralld  to  a  nerve.  It  may  lie 
wholly  in  muscle  tissue,  or  partly  in  muscle  tissue  and  partly  in  the 
oonnective  tissue  round  the  muscle  bundles,  or  wholly  in  the  conneo- 
tive  tissue. 

Lescriptum, — ^The  nomenclature  adopted  in  the  following  description 
is  that  suggested  by  Sherrington,  and  the  diagrams  given  will  show 
the  parts  alluded  to.  The  muscle-spindle  is  of  the  shape  which  its 
name  implies.    It  is  formed  by  a  capsule  endosing  two  or  more  fine 
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musde-fibres.  The  oapsule  resembles  the  Henle  sheath  of  a  nerve,  and 
at  the  equatorial  r^on  of  the  spindle  consists  of  eight  or  more  1«^wiiii«^ 
while  at  the  poles  it  diminishes  to  a  single  lamina,  and  is  lost  on  the 
sheath  of  the  muscle-fibre. 

The  muscle-fibres  which  enter  the  spindle  are  of  smaller  size  than 
the  normal  fibres  composing  the  muscle,  the  intra-fusal  fibres 
measuring  about  -02  mm.,  while  the  extra-fusal  fibres  measure  about 
'06  mm.  As  a  rule,  two  or  three  of  these  fine  fibres  enter  the  pole  of 
a  spindle ;  as  they  pass  towards  the  equatorial  region  they  imdeigo 
division,  so  that  at  this  region  of  the  spindle  there  may  be  eight  or  ten 
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fine  fibres,  flome  of  ihem  measuring  only  *008  mm.  At  a  certain  point 
in  the  equatorial  r^on  some  of  the  muscle-fibres  lose  thair  trans- 
Terse  striation  and  nuclei  appear  in  the  substance  of  the  muscle- fibre. 
These  nuclei  gradually  increase  in  number  till  they  completely  fill  the 
fibres  then  after  a  short  distance  they  become  less  numerous,  and  the 
musde-fibre  again  resumes  its  striation.  At  the  equatorial  r^on  the 
musde-flbres  do  not  fill  the  whole  spindle,  but  lie  to  one  side.  As 
they  pass  to  the  distal  end  of  the  spindle  they  become  joined  again 
and  pass  out  of  the  spindle  as  two  or  three  fibres.  It  will  be  seen 
from  the  aboye  description  that  a  transrerse  section  of  the  spindle 
may  at  a  given  point  in  the  equatorial  region  seem  to  contain  no 
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Fie.  192. — ^Normal  ipindle  of  difld  In  tnmtTema  i«etioii.  Hignlied 
280  dutmeten. 

L  Section  near  the  pole.  The  arent  marked  with  Terticai  lines  are 
mniole-fibres  in  transtene  aeetton. 

2.  Nerve  entering:  into  spindle.  Many  of  the  daik  hodies  In  eonttoi 
with  the  moscle-tibres  are  nerve-ftbrea. 

8.  Nearer  the  equatorial  region  the  sheath  baa  acqnired  eonrider»ble 
thickness. 

4.  At  the  eqaatorial  region  the  ninscle-fihres  liaTe  undergone  eonsidflr- 
able  modification,  and  are  no  longer  recognisable  as  snch. 

5.  The  spindle  near  the  opposite  potoi  the  mnsele-Sbrse  b«fe  resnmscl 
their  n«taral  appeamnee. 

6.  At  the  distal  pole  of  the  ipindlSi 
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musoIe-fibreB,  the  Btructores  of   suoh  haying  been  so  profoondlj 
modified  (Fig.  192,  4). 

Nerve-supply. — The  nerve-supply  of  the  spindle  is  always  large — as 
a  role  at  least  two  nerves  pass  to  it^  one  at  the  equatorial  region  and 
another  at  the  distal  or  proximal  end.  It  is,  however,  by  no  means 
uncommon  to  find  spindles  with  four  or  five  nerves.  The  nerve  passing 
to  the  equatorial  region  always  contains  a  nerve-fibre  of  large  sise 
measuring  about  *008  nun.  This  nerve  on  entering  the  spindle  loses 
first  its  Henle  sheath,  which  fuses  with  the  sheath  of  the  spindle,  and 
next,  after  entering  its  medullazy  sheath,  it  then  divides  into  two  and 
forms  the  annulo-spiral  nerve  termination  of  Buffini,  winding  round 
the  muscle-fibres  at  the  point  where  the  nuclei  are  situated  in  the 
muscle-fibre.  From  the  nerve  that  enters  the  equatorial  r^on  other 
fibres  pass  towards  the  poles  of  the  spindle  and  lie  between  its  muscle- 
fibres  ;  the  mode  of  termination  of  these  fibres  is  uncertain  in  man,  but 
probably  corresponds  to  the  secondary  ending  described  by  BufSnL 

The  nerves  which  enter  the  poles  of  the  spindle  are  nearly  always 
composed  of  fine  nerve-fibres  having  a  diameter  of  '004  mm. ;  they 
likewise  pass  between  the  muscle-fibres  of  the  spindle  and  pass  towazds 
the  equatorial  region. 

The  question  whether  the  muscle-spindle  contains  a  motor  nerve 
termination  is  one  that  has  not  yet  been  determined,  for  the  third 
form  of  nerve  ending  described  by  Buffini  and  named  the  "  plate 
ending"  is  said  by  him  not  to  be  motor.  Owing  to  the  number  of 
nerve-fibres  within  the  spindle  there  is  a  plexif orm  arrangement  of 
nerves  between  the  musde-fibres  and  the  sheath  of  the  spindle,  but  so 
for  as  can  be  ascertained  they  do  not  intercommunicate  to  form  a  true 
plexus.    These  nerves  are  myelinated. 

Blood^eeseU. — The  musde-spindle  is  supplied  by  arteries  and  veins, 
which  most  frequently  enter  the  spindle  near  its  equatorial  region. 

Under  certain  pathological  conditions  the  musde-spindle,  owing  to 
its  apparent  immunity  from  change,  stands  out  in  strildng  contrast  to 
the  surrounding  muscle  tissue.  In  all  wasting  diseases,  and  espedally 
in  phthisis,  the  muscle-spindle  forms  a  very  marked  feature  in  sections 
of  the  musde,  but  no  diange  has  been  demonstrated  in  the  structure 
of  the  spindle.  It  is  for  the  same  reason  more  striking  in  the  muscles 
of  a  child  than  those  of  an  adult. 

In  infaaUile  parcUyeis,  although  all  the  surrounding  musde  tissue 
may  have  been  atrophied  or  have  undergone  fatty  degeneration,  yet 
the  muscle-spindle  is  normally  preserved  and  supplied  by  a  perfectly 
normal  nerve. 

Similarly  in  progreseive  muscular  atrophy  exactly  the  same  condi- 
tion can  be  demonstrated,  although  in  these  cases  the  atrophy  of  the 
surrounding  muscle  may  not  be  so  extensive. 

In  the  myopathies  the  muscle-spindle  forms  a  very  striking  appear- 
ance, as  is  shown  by  the  description  given  of  them  in  published  cases 
of  this  disease.    They  remain,  however,  perfectly  normal  both  with 
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regard  to  their  nerye-aapply  and  the  character  of  their  mnada- 
fifaroa* 

III  jMf^Aeral  nemiiU  certain  chaagea  haTO  been  deeoribed  within 
ihr  nniaole-apindle  both  aa  regarda  the  mnacle-fibrea  and  alao  as 
regiurda  the  nenrea;  hi  other  caaea,  howefer*  thej  haTC  been  shown 
to  be  perfectly  norxnaL 

In  iabe$  ianalUp  although  the  external  form  of  the  spindle  and  the 
nenres  passing  to  it  haye  been*  fonnd  to  be  normal^  certain  ehangea 
haTO  been  described  in  the  intra-fnsal  mnsole-fibres.  The  evidence^ 
howerer,  on  this  point  ia  insufficient  at  the  present  time  to  justify  ns 
in  regarding  the  ehangea  deaeribed  aa  constant  in  this  disease. 

l^«r»iiMit.— SHSBanrerov,  «Joonua  of  Plijuology/  toL  ztU,  p.  887.  1896f 
Rvwwau  'Joomal  of  Fhjiiologj/  voL  ziiib  f^  19C^  1886|  Bastek,  *  Brain/ 
foL  as,  fw  188b  1887. 
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Abdombal  nflex,  80 
Abdnetor  minimi  digiti,  6S 

—  pomels,44^62 
AbseeM  of  spinal  cord,  877 
Acceatory  hmnatomjeUfty  4M 
Action,  nntorglo,  10 

—  reflex,  10 

—  synergiOb  of  mntelei,  10 
Acute  anterior  poUo-myelitii,  890 
*-  Mcending  piumljda,  871, 487 

—  atrophic  paraljsisv  890 

—  myelitia,  844 
Adductor  brevi%  0 
•—  longoiy  47 

«-  magnni»47 

^  polliois,  02 

Addaotors  of  thigh,  4/7»  S8S 

Athesiometery  14 

Afterent  tract  crossed,  288 

Albiniam  and  pseodo-hypertrophlo  para- 
lysis, 660 

Alcoholic  ataaday  158^  109  (ms  Pseudo- 
tabes) 

—  meningitis,  ohronlo^  824 
«-  neoritis,  150 

^  psendo-tabes,  169. 178, 176, 872, 481 
AlooholUm  in  myeUtis,  847,  880 
Alimentary  eanal,  nerre^eentret  for»  247 
Allocheiria,  14^  468 

—  in  tobes,  453 
Amyloid  bodie>.  .'US.  627 
Amyotrophic    luii-ral    selerosis,  681   (tea 

Progressive  ransonlar  atrophy) 
Anemia  of  spinal  eord.  889,  840^  618 
Ansssthesia,  18 

—  dolorosa,  260i  898 
Analgesia,  16 
Analgic  panaritium,  646 
Anaatomotie  artery,  287 

Anatomical  diagnoais  in  eord  diaeasob  263 


Anatomy  of  apinal  oord,  200 

Anenriam,  eroaion  of  Tertebr»  by,  800 

AngiogUoma,  609 

Angiosarcoma,  609 

Angular  cnnratnre^  287t  890,  801 

Ankle-clonus,  22 

Annular  myelitisi  ohzonio,  888 

—  sclerosis,  888 
Anode,  78 

Antergic  oontraetlon,  10 
Anterior  central  artery,  887 

—  column ,  201 

—  oomna,  anatomy  of,  204 

—  cmral  nerve,  diaeaaes  of,  116 

—  —  —  nenritis  of,  184 

—  gronnd-fibrea,  228 

—  lateral  arteries,  227 
~-  msdian  arteries,  886 
Assure,  201 

—  polio-myelitis,  896 

—  pyramidal  tracts,  207*  800 

—  radicular  arteries,  227 
*  foot.fibres,  207,  224 
^  spinal  artery,  220 

—  —  Tein,227 
Antero-latoral  oolnran,  801 

^  tract,  ascending,  801,  808,  282, 470 

—  —  degeneration  in  tabes,  470 
^  —  descending,  216,  228 
Arachnitia,  809 

Argyll  BobertsoQ  pnpU,  466 
Arm,  combined  palsies  of  nenres  of, 

—  diseasea  of  oerrea  of,  110 
-^  motor  points,  88, 80 

—  muscles,  84 

Arteries  of  spinal  cord,  226^288 
Arthritie  mnscnlar  atrophy,  669 
Arthritis,  Tertebral,  807 
Artionlations  of  spine,  diseases  of,  807 
Ascending  nenritis,  82, 86 

—  paralysis,  acute,  871, 427 
Atazio  paraplegia,  603—611 
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Ataxy,  258 

—  oerebelUr  hereditaiy,  524 

—  hereditary  (Friedreich),  519 

—  in  multiple    nearitia.  158t  159   (tm 

pBeudo- tabes) 
^  in  tabes,  449 

—  of  movement,  10 
Athetosis,  doable,  496 

Atrophic  spinal  paralysis,  nonte*  206 

— Mubacnte  and  chronio»  424 

Atrophy,  atonic  muscalar,  540 

—  idiopathic  innscnlar,  564 

..  muscalar,  from  over-use,  568 

—  —  family  form  of,  with  spinnl 

597 
^  —  peroneal  form,  598 

—  of  auditory  nervo,  457 
•*  of  optie  nerve,  467, 608 

—  progressive  muscular,  531 

—  pscado-hyoertrophio,  564^  667 
Axis-cylinderf oompoond  ohftmoter  of^  66« 

62  * 

—  process,  66 
Azites,  66 
Axon,  56,  204 

B 


Bedsores,  changes  in  nerrei  mmr,  68^  88 
Bending  of  spine^  violent^  686^  691 
Beri-beri,  186 
Biceps  emris,  47 
—  masde,  80 

Bladder,  centre  for,  246  (tm  Sphlnettn) 
•«  oondiUon  of,  in  psendo-hypertrophie 
paralysis,  575 

—  nloeration  of,  in  myelitis,  868 
Blood-supply  of  oord,  226 
Bones  in  infantile  palsy,  404 

—  In  syringomyelia,  648 

—  nutrition  of,  245 
Brachial  neuritis,  110 

—  plexus^  diseases  of,  98 
Brach talis  antieua  muarle»  88 
Bronchial  crises,  482 
Brown-Sjqnard,  experlmonta  on 

234 
Burdach't  colnmn,  200,119 


Caisson  disease^  488 
Calf  muscles,  centres  for,  282 
C:ilUiBf  effects  of,  on  nervei^  iOl 
Qupat  coma  posterioris,  206, 226 


Caroinoma  of  oord,  608 

Cariet  of  spine  and  tnmoor,  808 

—  —  disease  of  oord  in,  286 
qrphiUtio,  805 

Oanda  eqoina,  tnmonr  of,  216, 610 

—  —  —  and  syringomyelia,  686 
Cantery,  aetnal,  in  traumatio  lesion^  664 
Cavitiee  in  cord,  620 

Cell-body,  structore  of^  60 
Cells  of  anterior  hon,  204 

—  unipolar,  57 
GeUulif  ugal  dendrites*  58 
CelluKpetal  dendrite*,  68 
Central  eanal,  224 
Cevebellar  ata^»  beroditey,  624 

—  timet,  direct  or  dorsal,  207*  200l  220 
ventral,  206, 222  (Mi  Anteio-lateral 

aacending) 
-.  tomoar  and  tabee,  488 
Cerebro-ipinal  motor  segment,  218 
Carrloal  enlargement,  localisation  in,  881 

—  mosclet,  centres  for,  231 

—  Tertebns,  fraetora  of,  288 
Cheroot's  joint  disease,  266, 450,  648»  651 
Cheyne-Stokes  breathing,  818 

Chronio  atrophio  paralyrii^  681 

—  meningitis,  822 

—  myelitis,  878 

—  polio-myelitis,  484 

^  spinal  muscular  atrophy,  681 
Cironlation  in  cord*  226 
Circumflex  nenrob  diseaea  o^  108 
CUrke's  column,  206, 821 

in  tabes,  471 

Caasp*knif a  rigidity,  265, 498 
Classification  of  nervous  disnasii,  1«  1 
Olawlike  hand,  48^  109, 688 
Clonae,  foot,  11, 12, 22 
~-  apurious,  501 
Coarse  disease^  1 

Cold,  exposure  tob  in  cord  dlieaisb  877 
Collaterals,  66 

Colnmn,  antero-lataial  asonding,   801, 
208,222,470 

—  —  descending,  215, 128 

—  ofBnrdach,200,810 
^  of  Clarke.  206, 221 

—  ofQoll,200 

^  of  Gowars,  201,  208,  288,  490  (m 

Antaro-lateral  asoanding) 
»  ofTQrok,210 

—  posterior,  216 
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Oolamnt  potterior  TeHicular,  206 

—  postero-ezteraal,  200,  219 

—  poftero-median,  200, 207 
Oombinntion  of  sjinptomi  in  ooid  ^OMSie, 

269 
Comiii*-ib»ped  degenention,  216, 219 
Commiisural  artery,  226 
Oommiunret  of  card,  201,  228, 224 
Comprestion,  effeoU  of«  on  namm^  80 

—  myelitic  276 

—  of  eord,  890 
Concuuion  myelitii,  652 
Gondaction  in  cord,  228,  288 
Congenital  pararoyotone,  606 

—  ipastic  paraplegia,  495 

—  tabes  and  spina  bifida,  651 
Congestion,  2 

Contraction,  fibrillary,  8,  267,  689 

—  idto-muscular,  8 

—  in  ptendo*bypertTophio  paralyd%  674 

—  myotatic,  26 
Contractare,  12,  266 

—  after  facial  palsy,  77 
Contra-lateral  masclea»  84 
Conmlsions  in  cord  diseaie«  269 
Co-ordinHtion  of  moTement,  11»  242 
Oord.274 

—  abscess  of,  877 

«-  affection,  symptomi  of*  868 

--  anatomy,  199 

«-  Uood-snpply  of,  226 

—  eavities  and  fissures  in.  628 
«•  degenerations  of,  442 

_  diswMea  of,  199 

—  embolism  of,  877 

—  functions,  228 

^m  grey  substance  of,  208 

—  ioL  peripheral  neuritis,  168, 198 

—  Inflammation  of,  848 

—  membranes  of,  199 

—  softening  of,  276,  276 
^  tumours  of,  607 
Comn-commissnral  tract,  220 
Corpora  amylacea,  348, 627 
Cramp,  17 

Cremsiterio  refiez,  20,  288 
Crises  in  tabes,  462 
Crossed  afferent  tract,  228 
~  pyramidal  tracU,  209 

—  sensation,  272 
Cross-legged  progression, 
Onirsos  muscle,  47 


Crutcb  palsy,  105 
Cnneate  nndens,  219 
Curvature,  angular,  287,  200,  891 

—  of  spine,  lateral,  807 

— >  in  Friedreich's  disease,  628 

—  in  idiopathic  muscular  atrophy,  688 

—  in  infantile  paralysis,  408 

—  in  pseudo-hypertrophio  paralysis  676 

—  in  progresnve  muscular  atrophy,  688 

—  in  syringomyelis,  642 

—  Uteral,  307 
Cutaneous  reflexes,  20 

—  sensibility,  representatioB  «l»  te  «ordf 

238 
Cystioerci  of  eord,  609 
Qysts  in  oord  tumours,  614 


Deafness  in  Ubes,  457 

Decussation  of  sensory  fibres  in  eovd,  284^ 

235 

Deep  reflexes,  19, 20,  288 
Deformities  from  infantile  palsy,  405 
Degeneration,  4 

—  bilateral,  in  cord,  211 

—  comma-shaped,  of  cord,  21^  219 

—  fatty,  of  muscle,  646 

—  granular,  546 

—  in  cord,  217 

—  in  myelitis,  856 

—  irritative  character  of,  68 

—  reaction  of,  in  muscle,  81, 81 

—  —  in  sensory  nerves,  406 
^  retrograde,  215  (foot-note) 

—  secondary,  of  nerves,  65 

—  Wallerian,  65 
Degenerations  of  cord,  274 
^  ^  ascending,  206,  215 

—  descending,  206,  210 

—  Titreons,  of  muscle,  70,  646 
Degenerative  neuritis,  82 

—  reaction,  32 
Deiter's  cells,  201,  851 

Delay  of  sensation  in  tabes,  462 
Deltoid  muscle  and  centra,  8^  281 
Dendrite,  56 

—  ooUulipetal,  68 
Dendron,  55 

Descending  antero-lateral  tract,  216 

—  degenerations,  206,  210,  228 
Donteropathio       progressiva      moscnlav 

I    .    atrophy,  6S8 
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Development  of  cord^  629 
Diabetes,  telerosii  in,  618 
Disgnoeiiy  pathological,  274 
Diaphragm,  action  of^  88 
^  centre  for,  281 

—  inflammation  of,  97 

—  pamlysis  of,  88,  99,  687 
Dillute  rajelitis  844 
Diphtheria  and  cord  diieaie,  878 
Diphtheritic  nenritii  and  tabea,  488 
Direct  cerebellar  tract,  207,  209,  220 

—  pyramidal  tract,  207»  209 
Diseaae,  natnre  of,  278 

—  natritional,  2,  GG4,  668 

—  organic^  2 

~~  feat  of  indicationa  of,  278 

•»  aiructural,  2 

Dislocation  of  spine,  281 

Disseminated  myelitis,  861,  868^  866b  870 

—  neuritis,  84 
-^  sclerosis,  276 
Diver's  paralysis,  468 
Dorsal  reflex,  20 

—  TertebrsB,  fracture  of,  286 
Dacbenne's  disease,  446 

Dara  mater,  hssmatoma  of,  828,  827 

tumours  of,  80Q,  607 

Dynamometer,  9 
DysBstbesia,  16 
Dyslexia,  341 

Dystropliii^s,  ransenlar,  668 
Dystrophy,  muscular,  668 


Ecblnoooedi,  648 

Blbow  extensors,  centre  for,  281 

—  flexors,  centre  for,  281 
Electrical  irritability,  29—31 

—  —  in  functional  disease,  82 

—  reaction,  changes  in,  76 

^  —  in   progressive  mnscular  atrophy, 

539 
-^  trentment  in  infantile  paralysis,  422 
Elephantiasis  nenromatodes,  93 
Embolism  of  cord,  877 
Embryonal  tissue  und  syringomyelia,  629, 

682 

—  —  and  tumours,  618,  634 

—  ^  in  nerves  in  Friedreich's  disease, 

629 

—  —  persistence  of,  6^tf 


Emphysema^  sabcutanoonib  i&   vqptDII^ 

362 
Empyema,  paralysis  from,  666 
Encephalomyelitii,  diiiaeminated.  Si^  186 
Bnchondroma  of  cord,  608 
Endemic  neuritia,  186 
Epidemic  meningttiab  oenliro-aploal^  S21 

partial,  820 

Epigastric  reflex,  20 

Erb*s  paralysis,  112, 407«  666 

Erosion  of  spine  by  aneurism,  806 

Essential  paralyda  of  eh^dxM^  896  (m 

Infantile  paralysis) 
Excentrio  pain,  260 
Excitation,  61 
Exophthalmos    In    pseodo-lqrpcrtraplilf 

paralysis,  587 
Exostoses,  vertebral,  804 
Exposure  in  cord  disease^  277 
Extensor  quadricepi,  47 
Extensors,  nerve-centres  for»  282 

—  of  ankle,  50, 62 

—  of  elbow,  281 

—  of  Angers,  40,  282 

—  of  foot,  51. 

—  of  knee,  47,  282 

—  of  thumb,  42—44 

—  of  toes,  60,  52 

—  of  wrist,  40,  281 
External  meningitis,  809 

—  ophthalmoplegia,  467 

—  popliteal  nerve,  disease  of,  117 
Extra*dural  tumours  of  cord,  607 
Extra-meningeal  haemorrhageb  820 
Eye  symptoms  in  tabes,  467  ^ 
Eyeballib  trophic  changes  ii^  28 


Face  in  Idlopathie  musenlar  atrophy,  687 

—  in  neuritis,  161 

—  in  progressive  muscular  atrophy,  638 
Facial  nerves  in  leprous  nenzitia.  198 

—  type  of  mnscular  atrophy,  666|  687 
False  neuroma,  90 

Faradism,  29,  76 

-*  in  infantile  palsy,  422 

Fasciculi  of  nerve-flbres^  68 

Fatty  degeneration  of  muscle^  648 

Fibres,  grey,  63 

^  non*meduUat«d,  63 

—  receneration  of,  in  cord,  866 
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libriUariOD  of  mniole,  8, 267»  ftSQ 
Fibrili,  eeUalif  ugal,  58 

—  primitive,  65»  66, 62 
Pibromata  in  nerves,  90 

Fiftb  nenr^  degeneration  lA  in  tabee, 

461,463,474 
Tingen,  ezteniors  off  40^  282 
^  flexors  of,  41, 282 
FiMaxetincord,628 
FUt-foot»  50 
Flexibilifas  oerea,  27 
Flexors,  nerve-centre  for,  281 

—  of  elbow,  281 

—  of  fingers,  41,  282 

—  of  foot,  52 

—  of  knee,  282 

—  of  wrist,  40, 282 
~-  loog,  of  fingers,  62 

—  short,  of  fingers,  62 

—  long,  of  tbamb,  44 
•^  short,  of  thumb,  44 

of  Httle  toe,  62 

Foot  muscles,  48.  282 

—  —  nerve*oentres  for,  282 
•^  phenomenon,  22 
Foot^lonus,  12,  22 

—  nerve-centres  for,  282 
Forearm,  muscles  moving  the^  87 
Fracture  of  spine,  282 
Fractures,  spontaneous,  of  bone^  459 
Friedreich's  disease,  619 
Functaonat  disease,  1, 27^  664 
Functions,  mutual  relations  o(  249 
*-  of  cord,  228 


Oait  in  Friedreich's  ataxy,  620 

~-  in  pseudo-hypertrophy,  668^  786 

—  in  spastic  paraplegia,  404 

—  in  tabes,  449 
GBnglion-cells,  208, 204 
Gastric  crises,  462 
Gastrocneminsy  48 
Gelatinons  grey  substaaec^  208 
Gemelli  muscles,  46 

General  oansation  of  coffd  disease,  277 

—  paralysis  and  ataxic  paraplegia,  607 

and  tabes,  446.  466^  482 

Girdle-pain,  261, 860,657 
Qlia-cells,  201 

Glioma  in  nerves,  91 

—  of  cord,  610 


Gltomata  in  relation  to  nervous  system,  4 
Gliomatosii,  4,  682 
Glossy  skin,  28»  86 
Gluteal  muscles,  45,  232 

—  reflex,  20 

Glutens  maximus,  46,  282 
^  medius,45,282 

—  minimns,  46, 282 
Glyoosaria  in  tabes,  467 

Golgi's  method,  effect  of,  on  eoneeptloni 

of  nervous  system,  53 
Goll's  column,  200 
Gk>norrhcBa  and  myelitis,  278,  847 

—  and  neuritis,  147 

Gout  and  cord  disease,  880, 660 

—  and  myelitis,  380 

—  and  neuritis,  137 

Gowers'  tract,  201,  208,  222,  470  («M 

Antero-lHteral  ascending) 
Gramlis  muscle,  47 

Granular  degeneration  of  mnsolea,  646 
Grey  commissure,  201,  224 

—  substance,  203 

of  Bolando,  206 

Ground- fibres,  223 

Growtlis  in  spinal  column,  299 

cord,  299,  607 

Gunshot  wounds  of  spine,  662 


Hamatoma  of  dura  mater,  828, 827 

U«matom>elia,  487 

HsBmatorrhachis,  834 

Hamorrhage  into  cavities  of  cord,  438^ 

644 
~-  into  oentral  canal,  658 
--  into  oord,  820,  437 

—  into  spinal  menibrHnes,  820,  884 
-—-««-  —  and  meningitis,  820 
Hssmorrhagic  myelitis,  848,  859,  366 
Hand  in  idiopathic  muKCular  atroph}-,  5b6 

—  in  progressive  muscular  atrophy,  589 

—  in  pseudo-hypertrophic  paralysis,  571 
~-  muscles  moving  the,  40 

—  —  nerve-centres  for,  232 

Heart  action  in  cervical  cord  diseaas^  207 

—  —  in  Ubes,  267 

—  disease  in  tabes,  466 
Hemiatrophy  of  tongue,  409 
Hemiparaplegia,  254, 272 
Hemiplegia,  spinal,  272 
Henl^e  sheath,  ^^ 


682 


INDEX. 


Hereditary  atnxy,  619 

—  cerebellar  ataxy,  524 
Herpes  toster  in  cariee,  290 
Herpetic  nearitis,  196 
Hip-joint,  mneoles  moTing  tha^  45 

—  nenre-centrei  fop,  282 
Horn,  lateral.  203,  206 

Hamerne,  dislocation  of,  and  paraljtiSy  111 

—  fracture  of,  und  paralysis,  111 
Hutchinson's  mask,  453 
Hyaloplasm,  66,  60 

Hydatid  disease  of  cord,  609 

of  spine,  806 

Hydroinyelia,  628 
Hydrorrhachis  interna,  628 
Hyperaamia  of  cord,  839,  848 
Hypemsthesia,  16,  259 
»  in  cord  disease,  259 
Hyperalgesia,  15,  259 

—  in  cord  disease,  259 
Hyperpyrexia  in  oord  disease,  268 
Hypertrophic  pachymeningitis,  8M,  628 
Hypertrophy,  mnsonlar,  699 
Hypotonic  muscnlaire,  256 

in  tabes.  461 

Hysteria  and  myelitis,  872 
Hysterical  paraplegia,  666 


I^o-mnscnlar  contraction,  8 
Idiopathic  mascniar  atrophy,  688 

—  neuritis,  146 
Iliacus  muscle,  46,  282 
Impulses,  nervoos,  origin  of,  68 
Incisions  of  Schmidt.  68 
Incontinence  of  urine,  246, 861 
_  -.  overflow,  246,  861 

reflex,  246,  861 

Inco-ordination,  mechanism  of,  477 

—  of  moTCinent,  10,  267 
Indentations  of  Lautermann,  68 
Infantile  i>araljsis.  396 

—  —  regression  in,  408 
InFection  in  cord  diseases,  277 
Inflammation  of  cord.  343 

—  of  membranes.  322 

—  of  nerves,  82 

— i  parenchymatous,  4 
pifra-spinatus  muscle,  87 

—  —  in  pseudo-hypertrophic  pilqr*  570 
Injury  in  cord  disease,  277 

^  to  nerves,  80 


Interoostals     in    progressiTe     moscnlai 

atrophy,  637 
Intermediate  grey  substance^  808 

—  group  of  cells,  206 

—  proceM,205 

—  septal  artery,  227 

—  ieptum  of  cord,  216 
Intermedio-lateral  tracts  206 
Internal  meningitis,  818 

—  —  chronic,  822 

—  popliteal  nerve,  117 
Intemode.  62 
Interossei  of  foot,  61,  68 

—  of  hand,  41 

Interstitial  neuritis,  82,  88, 85 
Intra-meningeal  hemorrhage,  880 
Intra-spinal  tumours,  607 

Irritabili  ty.  electrical,  of  ntrftt  and  muiel% 
29,71 

—  of  muscle,  reflex,  26 
Irritation,  spinal,  660 

Irritative  character  of  aecondaiy  degenoin* 
tion.68 

—  degeneration  of  pyramidal  flfarwb  868 


Jaw.Jerk,  486 
Jendrassik's  method,  81 
Joints  in  infantile  palsy,  405 

—  in  tabes,  469 

—  nutrition  of,  246 
Juvenile  muscular  atiophy,  665 


Eak.k4, 186 
Kathode,  78 
Kidney  disease  in  ataxie  punpkgfaw  469' 

in  Ubes,  416 

Kinetoplasm,  60 
Klumpke's  paralysis,  118 
Knee,  extensors  of,  47, 288 

—  flexors  of,  47»  232 

^  muscles  moving  the  knea^  4^ 
Knee-Jerk.  2a  21,  24 

—  centre  for,  289,  262 

—  in'diphtheria,  477  (footnote),  481 

—  in  Friedreich's  disease,  621 

—  in  idiopathic  muscular  atrophy,  688 
o-  in  leprous  neuritis.  198 

—  in  pseudo-hypertrophic  palay,  575 

—  in  tabes.  448 

—  latent  period  of,  86 
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KBtHerlr»  Ion  of,  264. 272, 448, 617 

—  ntoni  ot  in  tobMi»  466  (footnote),  464 

EoUilMr^ftS 


lof  oord,662,664 

t  intermittent,  841 
Undrj'i  panayiii,  871.  427 

—  —  end  nenritii,  427 
Ifuryngeel  crises,  462 

— >  nerrei,  efPectiont  of,  in  nenfitfab  16^ 

—  ^  —  in  tabea,  462 
Latent  period.  24 

Letenl  erteries  of  cord,  227 

—  eolnmn  of  eord,  201 

-*  eorfatoreb  eymptoma  of^  807  (#••  Lor- 

doeit) 
«-  horn,  205 

—  limiting  layer,  207,  210,  221 
«*  iderosis,  primary,  489 

—  tnusti,  207,  209,  492 
Lathyrism,  87 

Latiinmas  dorti  in  psendo-hypertRypliy, 

680 
Lantermann,  indentntiont  of,  68 
Lead  palsy,  distribntiun  in,  161 
htg,  centre  for,  232 
— •  disease  of  nerves  of,  114 

—  motor  points  of,  46,  48, 49 

—  motcles  of,  45 
Leprosy,  ansBsthetic,  192, 104 

—  —  matilations  in,  196 
Leprous  neuritis,  192 
Leptomeningitis,  309 

—  chronic,  323 
Lencocythsmia,  nerves  in,  86 
Levator  anguli  sen  pule,  85 
Lightning  pains,  448,  451 
Limb,  lower,  nerves  of,  14 
paralysis  of,  114 

—  upper,  nerves  of,  98 

—  —  paralysis  of,  100 
Lipoma  of  cord,  608 
Lipomatous  inuscular  atrophy,  507 
Lissauer's  tract,  221,  225,  226,469 
Live  flesh, 9 

Localisation  of  function  in  cord,  280 
Locomotor  ataxy  («m  Tuhes),  444 
Lordosis  in  Friedreich'ii  diHcase,  528 
*-  ill  idiopathic  muscular  atrophy,  688 
— »  ia  progressive  muaoulHr  atrophy,  688 


Lordosis  in  psendo-hypertrophio  muscular 

atrophy,  576 
Lower  limbs,  mnsclee  of,  46 
Lnkewarmness,  16 
Lumbar  enlargement^  localisation  in,  282 

—  plexus,  diseases  of,  116 

—  region,  tumours  of,  620 
Lnmbricales  of  foot,  62 

—  of  hand,  41 


ICain-en-griife,  48, 109,  589 

Median  nerve,  disease  of,  107 

Medullary  sheath,  62 

Membranes  of  eord,  diseases  of,  199,  808 

tumours  of,  607,  609,  616,  619 

Meningeal    hemorrhage  and  meningiti% 

820 

Meningitio  streak,  818,  618 
Meuingitis  and  hematomyella,  820 

—  and  primary  lateral  sclerosis^  828 

—  and  rheumatism,  820 

—  and  tetanus,  820 
~-  spinal,  809 

—  -—  external,  809 
•—  —  internal,  ^18 

—  —  —  acute,  318 

—  -*  — -  ehronio,  822 
Meningocele,  660 
Meningo-myelitis,  818, 884 
Meningo-myelooele,  650 
Menstruation  and  myelitis,  846 
Mental  distress  in  cord  disease,  277 
Metameres,  199 

Mieturition,  mechanism  of,  247 
Middle  form  of  reaction,  82^  898 
Mixed  reaetion,  82, 898 
Morphia  in  neuritis,  •89 
Morvan's  disease,  646 
-i*  — •  and  Raynaud's  diseaee^  647 
— >  ^  neuritis  in,  647 

—  —  sensibility  in,  646 
Motor  conduction  in  cord,  228 

—  over-action,  256 

—  path,  218, 228 

^  points  for  arm,  88,  89 

for  leg,  46,  48,  49 

«^  segments,  disease  of,  264 

—  —  upper  and  lower,  218, 264 
^-  symptoms,  8 

-—  —  in  oord  disease,  264 
In  tabes,  449 
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Movement^  eo-ordination  of.  10,  24B 

—  direetion  of.  11 

—  inco-ordinatioQ  of,  10,  267 

—  spontaneoat,  11,  450 
Movementi,  representation  of,  in  0oid,  230 
Multiple  nearitis,  188 
^-  neuroma,  92,  609 

—  tomonrs  of  cord,  621 

—  —  of  nerve-roots,  621 

—  —  —  and  tabes,  621 
Hnscle  spindles,  16,  671 
Hoscle-reflez  action,  20 

—  centres,  240 
Mosoles,  action  and  paraljsb  of«  88 

—  antergic,  action  of,  10 
-^  changes  in,  29 

—  —  In  nenritis,  168 
^  —  secondary  to  nenre  lesion,  70 
^  oontra-lateral,  84 

—  fatty  degeneration  of,  546 
^  in  peripheral  neuritis,  70, 168 
^  nntrition  of,  244 

—  notritive  changes  In,  70 
^  peripheral  gnidanoe  of,  11 

—  reflex  action,  20 

—  sensory  nerves  of,  17,  26 

—  synergic  action  of,  10 

—  vitreous,  70,  546 
Kuscular  anesthesia  in  tabei^  464 

—  atrophy,  arthritic,  559 
'  —  —  chronic  spinal,  581 

fHcial  type,  565,  687 

^»  —  family  form  in  children  with  spinal 

lesion,  597 
^  —  from  over-uee,  568 

—  —  idiopathic,  583 
in  lead,  161,  584 

—  —  in  tahes,  466 

—  —  Landouzy-De]erine  type,  666 

—  —  peroneal  type,  534,  593 
<»  contraction,  paradoxical,  27 

—  dystrophies,  563 

—  exertion,  excessive^  and  cord  disease 

278 

—  hypertrophy,  578,  599 

—  sense,  16, 18,  237,  258 

—  sensibility,  16 

test  for,  18 

Musculo-cutaneons  nerve,  104 
Husculo»spiml,  104 
Kyelin,  62,  68 

Hyelitis,  acute,  844 


Myelitis  and  alcoholism,  847 

—  and  cold,  846 

—  and  fevers,  846 

—  and  gonorrhcsa,  847 

—  and  gout,  880,  660 

—  and  hysterical  paralysis,  872 

—  and  injury,  846 

—  and  Landry's  paralysis,  871 

—  and  meningitis,  320,  872 

—  and  menstruation,  845 

—  and  multiple  nenritis,  372 

—  and  muscular  action,  340 

—  and  organisms,  346.  847 

—  and  peripheral  irritation,  347 
»  and  smallpox,  847 

—  and  syphilis,  847,  880,  884 

—  and  toxic  blood-states,  346,  368 

—  central,  355, 866,  870 
~-  chronic,  878 

—  —  annular,  882 

—  compression,  276,  858,  891 

—  diffuse,  344 

—  disseminated,  851,  858,  365,  370,  878 

—  focal,  866 

—  girdle-pain  in,  860 

—  hemorrhagic,  348,  369,  866 

—  parenchymatons,  866 

—  reflexes  in,  360 
~  sclerotie,  863 

—  fpliincters  in,  861 

—  transverse,  865,  378 

—  tropliic  changes  in,  862 
Myolipoma  of  cord,  580,  608 
Myopathio  atrophy,  563 

face,  665,  587 

Myopathies,  Erb's  juvenile,  664 

—  idiopathic,  683 

—  Landouzy-Dcjerine,  566 
Myosis,  spinal,  266,  456 
Myositis,  168, 185 
Myotatic  contractions,  26,  238 

—  irritiibiUty.  19,  288 

in  arthritic  atrophy,  660 

Myotonia  congenita,  601 
Myxo-fibrotna,  91 
Myxoma  in  nerves,  90,  91 
Myxomata  of  cord,  609,  618 


Nails  in  syringomyelia,  641 
Nansen's  researches,  53 
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KmIc,  InJiiHet  of,  and  paralyili^  lU 
Kophnlgie  criset,  461 
KerTe»  anterior  emral,  116 
^  06lli»  fnnetiont  of,  58 

—  —  relation  of,  to  nerves,  87 
•«  dreamflex,  108 

—  oncUngi,  ohanget  in,  80 

—  energy,  66 

— >  fibres,  f  onctions  of,  64 
<^  — •  sizes  of,  207 
— •  force,  generation  of,  67 
^  impulse,  nature  of,  61 

—  Inflammation,  82 

^  injarj  and  degeneration,  71«  80 

—  lesions,  7Q>  70 

—  median,  107 

—  mnsenlo-cntaneons,  104 

—  mnscnlo-spiral,  104 

—  obturator,  116 

—  phranie,  96 

—  plantar,  117 

^  posterior  thoracic,  101 

^  popliteal,  117 

^  sciatic,  116 

<^  superior  gluteal,  116 

— »  snpra-Bcapular,  102 

—  ulnar,  108 
Nenre-roots,  oerrical,  00 

—  dorsal,  00 

—  Intnbar,  114 
Nenre-stretehing  In  tabea,  480 
Nerrei^  bnlbons,  08—06 

<^  eompression  of,  80 

—  diseases  of,  62 

—  growths  in,  00 

— •  inflammation  of,  80 

^  irritation  of,  in  oaries,  288 

—  lesions  of,  66 

—  of  arm,  combined  palsies  of,  110 

—  of  lower  limb,  114 
— -  of  upper  limb,  08 

—  physiology  of,  68 

—  regeneration  of,  66,  60 

—  sclerosis  of,  84 

—  secondary  degeneratioo  of,  65,  66 
•^  special,  diseases  of,  06 

STerri  nerrorom,  63 

Nerrona   system,  diseases    primary  and 

ieoondary.  8 
mm  m^  ftmctSon,  7 
— -  ^  general  eon^tilotion  of,  68 
Nervousness,  660 


Kenra1gia,intereostal  and  spina)  gf0wtli% 

802 
Neurasthenia,  668 
Neurilemma,  62 
Nenritio  muscular  atrophy,  684^  608,  507 

(ssf  Peroneal  form). 
Neuritis,  82 

—  adventitial,  88 

— -  after  acute  diseases,  147 

—  —  injuries,  80 
— •  alcoholic,  150 

—  and  atrophie  paral yiifs,  428 

—  and  endsrteritis,  152 

—  and  gout,  187, 147 

—  and  hysteria,  176 
-*  and  inflammation,  4 

—  and  myelitis,  872 

—  and  paohymeningitis,  174 
— •  and  poliomyelitis,  174 

—  and  Ubes,  160,  481 

—  atasio  form,  158 
— -  atheromatous,  161 

—  brachial,  110 
«—  eanoerous,  82 

—  ehronic,  85 

—  classiAcation  of,  144 
— -  crural,  183 

—  degenerative,  144 

—  diabetic,  144^  150 

—  diifuse,  84 

—  disseminated,  84 
«—  endemic,  185 

»  face  in,  156 

—  focal  or  disseminated,  64 
•^  gonorrliosal,  147 

—  herpetic,  106 

—  idiopathic,  14^  161 

—  inoo-ordination  in,  158 

-*  in  infantile  paral}>i«»  400,  414 

—  in  leprosy,  192 

—  in  leuoocythsBraia,  85 

—  in  Morvan's  disease,  647 

—  in  peroneal  atrophy,  595 

—  isolated,  in  acute  diseu«eb  8t 
lipomatous,  85 

—  malarial,  185 
-*  memory  in,  152 

~  migrsns,  67,  82,  86 
•—  motor  form,  153 

—  multiple,  82,  IBS 

-~  >—  oompliciitions,  168 
•—  — -  course,  161 
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Keniitis,  maltiple^  diagnosis,  172 

—  —  pathological  anatomj,  164 
^  —  pathologj»  169 

—  —  prognoiii,  178 

—  —  ^mptomSf  162 

—  —  treatment,  181 
-^  near  bedsores,  68,83 
— -  nystagmas  in,  167 

—  ooalar  moremente  in,  166 

—  option  in  ataxic  paraplegia,  606 

—  —  in  chlorosis,  841 
in  cord  diseaM^  268 

—  —  in  multiple  neuritis^  168 

—  —  in  mjelitis,  868 

—  organismal,  146 
«—  pain  in,  164 

—  parenchymatoas,  8%  84 

^  peripheral,  188  («et  Maltipto). 

—  proliferative,  86 

—  psychical  symptomi  ii^  18S 
_  ndicnlar,  119, 808 

—  rheumatic.  82, 146»  140 

—  senile,  146 

^»  sensory  fonn,  168 
»  septicnmic,  146, 148 

—  spinal  cord  aifectioii  li^  208^  176 
^  syphiUtIo,  86, 146 

—  tongue  in,  166 

—  toxaBmioy  144 
^  toxic,  144 
^  treatment,  88 

—  tremor  in,  166 

—  trophic  changes  In,  160^  178 
«-  tnberenlar,  147 

—  varietiee  of,  82^  144 
*•  vocal  oords  in,  166 
Keuro-flbroma,  93 
neuroglia,  development  ob  880 

—  stmoture  of,  67*  201 
ITenrokeratin,  68>  202 
Neuroma,  90 

•^  amputation,  06^  06 

—  amyelinic,  90 

—  false,  90 

—  multiple,  02;  600 
-.  myelinic,  00 

*—  of  nerve-roots,  644 

—  plexif orm,  91, 98, 04^  06 
Keuromatodes  elephantia^  08 
Neuromyositis,  134 

Neuron,  66 

—  cerebio-spinalt  218 


Neuron,  spino-muscular,  218 

Neuropathic  disposition  in  cord  dIaeMebSn 

Neuropilema,  64 

NeuroUbes,  176, 448  (set  Piendo-trfwQ 

Nodes  of  Banvier,  62 

Nuclei,  intemodal,  68 

Nucleus  cuneatus,  210 

—  function  of,  69 

—  graciUs,  216^  219 

—  post-pyramidal,  210 
Nutrition,  changee  In,  127, 87T 

—  influence  on,  of  cord,  244 
Nutritional  disease,  1 

—  —  of  cord,  2,  664,  668 
Nutritive  changes  in  moeeles^  70 

—  —  in  skin,  28 

Nystagmus  in  ataxic  paraplegia,  606 
in  Friedreich's  disease^  621 

—  in  multiple  neuritis,  167 

—  In  progressive  muscular  atrophy,  642 

—  in  spastic  paraplegia,  496 
— -  in  sjrlngomyeUa,  648 


Obstetrical  paralysis,  118 
Obturator  intemus,  46 

—  nerve  paralysis,  116 
Ocular  svmptoms  in  tabes,  460 
(Bdema,  vaao-motor,  618 
Operation  for  tumour,  626 
Ophthalmoplegia,  467 
Opponens  pollicis,  44 

Optio  atrophy,  467 

— •  —  in  ataxic  paraplegia,  606 

—  —  in  family  spastic  paralyili,  608 
Optic  neuritis  In  chhsroslsb  841 

•»-  —  in  multiple  neuritis,  168 

—  — -  in  myelitis,  862 
Organie  disease  of  cord,  1 
Organismal  neuritis,  146 
Organbms  In  beri-beri,  186 

—  in  myelitis,  846»  847 
Oval  field  of  Flechsig,  218 
Overflow  iacontinenee^  246, 801 
Ofer-UM^  muscular  atrophy  ftuas,  668 


PkMhjmmtngf  tie,  174, 80e»  668 

-»  and  progressive  muscular  atropby,  660 

—  cervical  hypertK^hlob  826, 628 

^  oervlcal,  and  syringomyelia  644 
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Fkchymeidngitia,  ohxonlcb  82S 
»  exttnia]»809 

—  internal  hsmorrhagieb  809 
Pain,  oondaotion  of»  in  oord,  286 
•*  in  eard  diseaMi,  260^  898 

—  —  tamoonb  898,  616 

—  ■eutibiUty  tob  16»  836 

—  —  in  syringomyeliAf  641 
Fkiniy  ezceutrie  radiating,  260 
Palmar  faaeia,  contraction  of,  43 
Palsy,  Brb't  type  of,  U2.  566 

—  infiintile,  896 

Faradozicnl  mnecnlar  eontractloi^  S7 
Parestheda,  16 
Paralysdt  and  pareslt,  9 

—  acute  aioending,  871, 427 

—  agitansy  treuHMr  in,  12 

—  atiophie  apinal,  80^  424 

—  eeaential,  of  children,  896 

—  firom  leeaened  preannreb  468 
--  infantilis  896 

^  — eleotridtyin,421 
-.  —  nenritis  in,  400, 414 

—  of  muclee,  88 

—  periodic  698 

^  psendo-hypertropbiflb  664i  567 
Pai-amyotone,  ataxic^  606 

—  congenital,  606 
Pkraple^a,  258 

—  ataxic^  608 

—  —  and  meningitia,  881 
.  ehlorodo,  841 

—  oongenital  tpastle^  406 

—  dolorosa,  261«  801 

—  hereditary  spastic^  608 

—  primary  spastic,  489 

—  —  -^  nnd  ataxic,  499 

—  —  — «  funily  form,  608 
-*  ^  — -  infantile  form,  406 

—  simple  senile^  680 

Parasitio  tamonn  of  oord,  606^  609 
Farenchymatoos  Inflammation,  4^  874 

—  myeUtis,  366 

—  neuriUs.  82,  84 
Pnreeis,9 

Pathological  diagnosis  of  cord  Asease,  274 

Pathology  and  etiology  of  coed  diseaaob  274 

Pectineos  mnscle,  47 

Pectoralis  major,  87 

Pellagra,  511 

Pelvic  ontflow,  248 

porimeningiti^OOO 


Perineuritis,  82,  88 
Perinenrinm,  68 
Periodic  paralysis,  598 
Peripachymeningitis,  809 
Peripheral  arteries  of  cord,  227 

—  nerves  in  tabes,  478.  480 

—  nenritis,  188  («es  Nearitis). 
Peroneal  nerve,  paralysis  of,  117 
— -  type  of  atrophy,  684,  598 

—  —  combined  with  idiopathic,  697 
Peronens  longas  masde,  60,  282 

—  brevis  mnscle,  62 

Phrenic  nerve,  diseases  of,  83, 96, 97 
Phthisis  and  peripheral  neuritis,  169 
Plantar  nerres,  diseases  of,  117 

reflex,  20- 

Plexif orm  nenroma,  91,  98,  9^  96 
Plexus,  lumbar,  114^  115 

—  sacral,  114, 116 
Polio-myelitU,  896 

—  chronic  and  subacute,  848*  888^  424 
PolysBstheeia,  14^453 
Polymyrwitis,  acute,  186 
Polyneuritis,  82,  138, 178 

^  septicsNnics  146, 148 

—  tuberculitr,  147 

Popliteal  nerve»,  diseases  of,  117 
PopHtens  muscle,  48 
Post>pyramidal  nucleus,  219 
Posterior  central  artvry,  227 

—  column,  function  of,  216 
•—  comual  artery,  227 

—  ground  fibres,  207 

—  intermediate  septum,  200 

—  lateral  arteries,  227 
— •  medial  artery,  227 
•—  median  column,  200 

—  —  septum,  200 

—  nerve*roote  in  tabes,  478 
~~  pyramid  of  medulll^219 

—  mdicular  artery,  227 

—  root  fibres,  207,  225 
«-  —  lone,  200 

—  spinal  vein,  227 
^  thoracic  nerve^  101 

—  vesicular  tmot  in  tabes,  206,  471 
Postero-extemal  column,  200,  215,  210 
PoeUsro-median  column,  200,  207,  215 
Fostnre^  sdaptation  to^  241 

^  loss  of  sense  of,  18,  237,  259,464 
Pott* s  disease,  286 
Power,  measurement  of,  0 
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Pretiare  myelitis,  276»  853, 891 

—  senie  of,  14 

Mapiim,  263 

Primary  h«matomyel!ft,  487 

^  lateral  seleroels,  489 

-^  ^  and  general  paralytic  40T 

—  —  and  hysteria,  601 
iafantile,  496 

—  spastic  paraplegia,  488 
— •  —  —  family  form,  608 
^  .  ^  infantile,  496 
PrimitiTe  cannl  of  cord,  629 

—  flbnls,  65, 56, 62 

—  sheath,  62 

Progressive  moeenlar  atrophy,  681 
<—  ~-  —  and  pachymeningitis,  656 

—  ^  -^  and  syringomyelia,  666 
~  ^  —  and  tabes,  466 
Pronators,  40 

—  nenre  centres  for,  288 
Frotopathie  progressiTC  mnseaUr  atiophy, 

682 
I^otoplasmlo  processes,  56 
Pseudo-hypertrophio  paralysis,  564, 667 
^  —  mode  of  rising  in,  678 

—  -.  varieties  of,  576 

—  tabes,  169, 178, 176, 878, 481 
Psoas  mnscle,  46, 282 

Ptosis  in  Ubes,  456 

Pnlse  in  tabes,  462 

Pnpil  in  cord  disease,  266 

— •  in  myelitis,  362 

Pyramidal  fibres,  207,  200, 210^  256 

—  — -  mode  of  ending  in  cord,  218 

—  traots  in  progressiTemnscnlar  atrophy, 

660 
pyrexia  in  eord  diseascb  868 
Pyrtt'oruiis  muscl^,  46 


Qnadratna  femoris  mnscleb  46 

Quadriceps,  47 

—  centre  for,  282 

Qnalitat'iTe  changes  In  Mtabllity,  78 

Qnantitatiye  changes  in  irritability,  78 


Bachlalgia.  260 
Badiatiog  paina,  260 
Radfenlar  nenritis,  110,  808 
Bailway  spine,  661 
i7CaJal,68 


Ranyier,  nodes  of,  68 
Beaetion,  normal,  78 

—  of  degeneration,  81, 82, 71 
^  —  in  Inftintile  piilsy,  408 
^  <—  mixed  fornix  88, 898 
Rectal  crises,  462 
Bectnn^  centre  for,  246 
Rectus  femoris,  47 
Bedecnssation  in  cord,  211 
Red  softening  of  cord,  848 

Reflex  action,  19,  888,  240,  262,  288 

—  —  cntaneons,  19 

—  ^  in  nerve  injoxy,  79 
— .  ^  mnsenUr,  20 

—  —  two  kinds  of,  in  aoid»  888 
^  arc,  19, 289 

—  centre,  19,  289 

—  paralysis,  666 
— •  spasm,  ^64 
Reflexes,  deep,  20 

—  snperflcial,  19 

—  —  Istent  period  ot^  84 
Regeneration  of  fibres  In  cord,  866 

—  of  nerves,  69 

Regressive  period  in  infantile  palsy,  408 

Reinforcement^  21 

Representation  of  moTcments  in  cord,  230 

Resistance  in  nenre  phenomena,  64 

Resisting  power,  deficiency  in,  6 

Retionlar  formation,  lateral,  808 

«•  —  posterior,  203 

Rheumatic  neuritis,  82, 187,  146 

Bheumatism  of  dursal  moscles,  880 

Rhomboids,  85 

Rigidity,  clasp-knife,  266, 498 

—  in  cord  diseases,  866 

—  in  progressive  iiiuscular  atropl^,  641 
RoUudo,  grey  substance  ni,  806 
Romberg's  symptom,  449 

Root  pains,  260 

•*  symptoms  in  oompreisioB,  898 

—  n>ne,  200 
Root-fibres,  cause  of,  224 
Roots,  anterior,  224 

—  distribution  of,  226 
-*  posterior,  226 

S 

Sacral  pleznsb  diseases  of,  114^  116 
Sartorius  muscle^  232 
Scapular  muscles,  34,  231 
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(SehmMt,  Indflon  of,  68 

Prhultie,  Mns,  obierratimi  of,  66 

Sohwimi,  white  snbstanos  of»  68 

~iheiitfaof,62 

SeUtic^US 

SeUtie  nerre,  dtwaie  of.  116 

Selerodftctyla,  647 

Sderorisy  amyotropldo  lateral,  681 

—  annular,  888 

-»  combined  lateral  and  poaterior,  608 

—  foca]»886 

-*  from  anamia,  ftc,  618 

—  from  palUgra,  611 

—  from  tozio  blood-statea,  611 

—  In  chronio  maienlar  atrophy*  650 

—  Inralttrf  4^  276 

—  lateral,  and  meuingitia,  828, 489 
-»  secondary,  4 

Sclerotic  m^elitiv,  886 
Secondary  degenention  of  cord»  806b  810, 
816 

—  —  ascending,  206,  816 

—  —  descending,  206, 810 

—  •—  of  nerres,  66 

—  tebeii,  448 
Semimembranosus,  47 
Semitendinosna,  47 
Sensation,  loealiwcion  oi^  18 
— -  path  of,  233 

—  rhythmical  recnrrence,  468 
Sensations,  spontaneous^  261 
Sense,  mnscaUr,  16 

«—  of  pain,  16 

—  toctile,  18 

~-  temperature,  16 
Sensibility,  modes  of  teating,  18 

—  modiflcationa  of,  14 

—  innscalar,  287 

—  recurrent,  78 

—  tactile,  IS,  236,  238 
»-  to  electricity,  15 

—  to  pain,  16,  236 

—  to  tompemture,  16,  287 
Sensitiveness,  incrensed,  259 
Sensory  conduction  in  cor<),  288 

—  symptoms,  13,  78,  268 
— >  —  in  nerve  lesions,  78 

in  tabes,  450 

Septicssmia  in  oord  diieaseff,  277 
Septicamie  polyneuritlB,  145 
Septomarginal  tract,  218,  220 
Septum,  posterior  intermediate,  200,  216 
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Septum,  posterior  median,  200 
Serratoa  magnns,  8C^  102,  281 
-^  —  nerre  to,  101 
Sexual  f unctiona,  centre  for,  848 

—  power  in  nutritional  disease,  670 
faitebes,464 

—  —  In  traumatio  lesions,  668 
Sheath,  primitive,  68 

Shoulder  dislocation,  palsy  of  nerves  In,  1 11 

—  fracture.  111 

—  mnscles  moving  the,  84 
Skin,  glos^,  28 

—  nutrition  of,  28,  245,  266 

—  repreaenteUon  in  oord,  260^  851 
Sleep  palaiea,  101 

Softening  of  oord,  848 

red.  848 

wh.te,  848 

yellow,  348 

SoIeuR  muscle,  48 
Spasm,  11 

—  clonic,  11, 266 

"—  In  oord  disease,  256 

—  in  meningitis,  317 

^-  In  progressive  muscular  atrophy,  641 

—  reflex,  264 

—  tetanic,  18 

—  tonic,  11,  266 

Spastic  paralysip,  family  form,  608 

—  paraplegia,  oonwenltal,  496 

—  —  In  caries,  291 

—  —  primary,  489 
Special  senses,  nature  of,  61 
Sphincter  ani,  centre  for,  246 
Sphinctera  in  neuritis,  161 

—  in  tabes,  448,  468 

—  paralysis  of,  245—247,  867 
Spider^lla,  201.  361 

Spina  biflds.  647 

..  ..  arthropathy  in,  658 

«-  —  deformities  In,  652 

—  —  occulta,  €47 

.»  ^  trophic  changes  in,  653 
Spinal  colnmn,  growths  in,  299 

—  cord,  abscess  of,  377 
anemia  of,  889.  518 

—  —  anatomy  of,  200 

—  —  blood-supply  of,  226 
«-  —  oompression  of,  890 

—  —  degeneration  of,  448 

—  — .  diseeses  of,  190,  389 

—  ~-  embolism,  877 

44 
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Spinal  cord,  fnncitoni  of,  838 

—  —  hsBmorrhft^  into,  487 

—  —  hyperemia  of,  M2 

inflamiBAtion  of,  842  (#M  Myelitis) 

eofbening  of,  275,  848 

—  —  ttracture  of,  200 

tyiDptoms  of  diwan  of,  268 

--  curvHtare  in  idiopathic  atrophy,  688 

in  infantilo  paby,  406 

in  progressive  muscular   atropliy, 

638 

—  —  in  psendo-hypertropby,  676 

—  epilepsy,  266 
"^  hemiplegia,  272 

—  irritation,  295,  660 
^  membranes,  199 

—  meningeal  hssmorrhage^  820 
— -  meningitis,  809 

—  mnscnlsr  atrophy,  581 

—  paralysis,  acate  atrophic,  806 

subacate,  chronic,  424 

Spindles,  muscle,  16,  671 
Spine,  caries  of,  286 

—  concussion  of,  662 

—  diaesses  of,  281 
of  articulations  of,  807 

—  dislocation  of,  281 

—  fractaro,  282 

—  gunshot  wounds  of,  662 

—  injuries  of,  281 
^  syphilitic  diseases  of,  805 

—  tumours  of,  299 
Spino-muscular  motor  segment,  218 
Spungioplasm,  66,  60 
Spongy  grey  suijstance,  208 

—  zone,  207 
Spontaneous  movements,  11 

—  —  in  tabes,  450 

—  sensations,  261 
Stemo-niastoiil,  84 
Stretching  nerves  in  tabes,  489 
Structural  diseases,  2,  277 
Strychnui  in  muscular  atrophy,  667 
Subscapularia,  87 
Supinator  brevis,  40 

—  longus,  39 
Supinators,  231 

—  in  idiopathio  atrophy,  680 
Supra-scapular  nerve,  102 
Supra-spinatns,  87 
Su>«pension  in  tabes,  489 
Symptoms,  combination  of,  260 


Symptoms  in  cord  disaaae,  268 

—  mental,  8 

—  mode  of  investigatton,  7 

—  motor,  8,  254 

—  sensory,  18,  78,  268 
Synergic  oontraetion,  10 
Syphilis  and  spinal  degenaratlon^  278, 

847,  880.  884 

—  and  injury  to  cord,  650 

—  and  tabes,  446 

—  in  Landry's  paralysis,  482 

—  in  progressive  mnsenlur  atrophy,  684 
Syphilitic  caries,  306 

—  diseases  of  cord,  278 
•^  meningitis,  880 

—  neuritis,  146 
Syphilomata  of  cord,  614 
Syringomyelia,  628 
•^  and  eervicMl  pachymeningitis,  844 
-^  and  hemorrhage,  644 

—  and  injuries,  639 

—  and  leprous  neuritis,  106, 647 

—  and  meningitis,  881 

—  and  myelitis,  884 

—  and  progressive  muscular  atrophy,  556^ 
644 

—  and  tumours,  610,  613, 681,  644 

—  Charcot's  joint  in,  643 

—  motor  symptoms  in,  642 

—  muscular  atrophy  in,  642 

—  operation  in,  645 

—  pain  sense  in,  234,  2C0.  640 

—  sweating  in,  648 

—  temperature  sense  in,  234,  260,  640 
Syringo-myelocele,  650 
System  diseases,  258,  254,  274, 442 


Tabes  dorsalis,  444 

•^  —  and  alcoholism,  448 

and  ataxic  pamplegia,  466 

—  —  and  cerebellar  tumonr,  488 

and  ooocusaion,  447 

and  diphtheritic  paralysis,  488 

and  disease  of  posterior  roota,  478 

(foot-note) 

and  general  paralysis,  448 

and  myelitis,  448 

and  neuritis,  481 

—  and  soft  soreti,  447 
( and  syphilis,  46G,  482 
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T%hm  dofMlk  and  tamoim  of 

478 
Charcot's  Joint  in,  469 

—  «~  eongenital,  661 

erlMi,461,46a 

deaf  neM  in,  467 

— -  —  electricity  in,  468 

—  «—  eye  lymptomfl  in,  446 

—  -^  heart  diiease  in«  466 

li{(htoiiig  paine  in,  448 

Liasaner*!  tract  in,  469 

—  -*  motor  tymptomt  in»  449 

—  —  ocnlar  lymptome  in*  446 
^  —  optic  atrophy  in,  467 

— >  —  pathological  nnatomy  of,  467 

—  —  pathology  of,  474 

—  —  reflex  action  in,  464 
^  —  ^  aymptome  in,  474 

—  —  aecondary,  448 

^  ^  aenaory  aymptoms  in,  460 

—  —  aexoal  power  in,  464 
^  —  aphinctera  in,  448, 468 

—  —  auapenaion  la,  489 

»-  —  trophic  and  yaao^motor  aymptoma 
in,  459 

—  —  Tiaceral  aymptoma  in,  461 
Tabetic  foot,  461 

—  multiple  nearitifli,  448^  481 

—  nearalgia,  481 
•^  ptoaia,  456 

Taehe  apinale,  318,  618 
Tactile  aeniibUlty,  886 
Tnltpea  catcanena,  60 

—  in  infantile  palsy,  406 

->  in  pseudo-hypertrophy,  674 

—  valgus,  61 

—  varua,  61 

Temperature  aenaa  in  ayringouiyelia,  234, 
260 

path  of,  16,  287,  640 

Tendon-reflex,  so-called,  19^21,  86 
Tensor  vagina  femoria,  46 
Terea  migor,  37 

—  minor,  37 
Tetanua  and  meningitis,  820 

—  neonatorum,  334 
Tetany,  nocturnal,  666 
Thenar  mnsclea,  44, 45 

—  — -  centre  for,  282 
Thigh,  adductors  of,  47 

—  motor  pointa,  46»  49 

—  rotators,  46 


Tbomsea'i  diaeaas^  601 

vid  pseudo-hypertrophy,  676 

llioracio  muscles,  38 
Thrilling  senaations,  16 
Thromboaia  in  cord  vessela,  276 
Thumb  mnsdest  42 
Tibialis  aaticos,  60, 288 

—  posticus,  62 
Tic  and  tabes,  461 
Tingling  aensations,  16,  81 
Toea,  mnscles  moving,  62 
Toncb  muscular,  8, 12,  26 

Tonic  atrophy  of  muscles,  641,  668 

—  spasm,  11 

TorticoUip,  muscles  affected  in,  84 

Touch,  sensibility  to,  18 

Toxic  influances  in  JUndry's  paralysis,  482 

—  — -  in  nervous  disease^  6. 277 

—  —  in  tabes,  6 

Tract,  iintero-lateral  ascending,  208 
deacending,  216 

—  comma-ahaped,  216,  219 

—  cornn-commiasural,  220 

—  direct  cetebeliar,  207,  209,  220 

—  Gowers',  201,  208,  222,  470 

—  inter  medio- lateral,  206 

—  Lissauer's,  221, 226,  226 

—  aepto- marginal,  218,  820 
Tracta,  pyramidal.  207.  209.  210,  265 
Tranaverse  lesions  of  cord,  264,  269.  27 1 

—  —  knee-jerk  in,  264 

—  mvelitia.  865,  878 
Trapestua,  84 

Traumatic  leaiona  of  cord.  658 

—  spinal  netiralgia,  660 
Tremor,  257 

—  contract iona  in,  12 
Tricepa,  37 

—  paralyaia  of,  231 

Trophic  changes  in  myelitia.  862 
iu  tabe«,  45U 

—  disorders,  28 

•^  —  in  concussion,  655 

—  disturbance  in  cord  diaeaae,  265 

—  nervea,  27,  28,  79 
Tubcrcula  dolorosa,  92,  95 
Tubercular  meningitia,  817 

—  polyneuritis,  147 

—  tumoora  of  cord,  609,  619 
Tumonra  of  cord,  29ii,  G07 
and  hyRteria,  624 

—  —  and  membranea,  619,  622 
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Tuinonrs  of  cord,  •urgical  treatment  of, 
626 

—  of  spine,  299 
and  caries,  803 

U 

Ulcer,  perforating,  469;  in  ipina  Wn<la, 

652 
Ulnar  nerve,  disease  of,  108 
Ultimnm  moriens,  536 
Unilateral  lesions  of  cord,  215.  272 

sensibility  In,  236,  272 

Unipolar  cell,  57 

Upper  arm  type  of  palsy,  407 

—  limb  ronsoles,  84 ;  nerves,  98 
Urethral  crisep,  462 

Uterine  disease  and  cord  disease,  689 

—  f  anctious,  centres  for,  248 

V 

Vaenolation  of  cells,  851 
Vagus  in  peripheral  nenritis,  170 
Vascnlar  thickening  in  tabes,  471 
Vaso-motor  centres,  24^  265, 266 

—  dtsorden,  79 

—  —  in  tabes,  450 
Vast!  muscles,  47 
Veins  of  cord,  226 
VertebrsB,  erosion  of,  805 
Vertebral  arthritis,  807 

—  colamn,  diseases  of,  281 

..  .»  aneurism,  erosion  by,  805 

—  —  growths,  299 


Vertebral  colmnn,  hydatids  of,  806 
_  .;.  lyphilitio  disease  of,  805 
fractare  of,  282 

—  exostoses,  804 
Vesical  crises,  462 

—  control,  246 
Vessels  of  cord,  226 
Visceral  disturbance,  216,  267 

—  puns  in  tabes,  462,  461 

—  symptoms  in  tabeji,  401 
Vitreous  degeneration,  70,  616 
Vocal  cords  in  tabes,  468 
Voltaism  in  diagnosis,  80 


Waldeyer,  53 

Wallerian  degeneration,  65 
Wasting  palsy,  581 
Westphal's  symptom,  407 
White  commissure  of  cord,  201»  828, 2S4 
—  toOening,  848 
substance,  207 
Whitlows,  painless,  645 
Wrist  muscles,  40 
oentra  for,  231,  28S 


Yellow  softening,  848 

2 

Zon^  epongy,  207 
Zygomatio  mdeoles  la  idiopatUe  siropky. 
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